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SEWAGE AND INDUSTRIAL WASTES 


CLOG-PROOF 


RELIABLE 


“Flush-Kleens” are absolutely clog-proof . . . the impellers 
handle nothing but strained sewage, minimizing wear and 
maintaining pump balance. They need no manual attention 
other than lubrication and inspection. No labor is needed 
to dis-assemble and clean. Not just another practically non- 
clog pump—*Flush-Kleens” are positively clog-proof. 


Look at These Long-established Facts 


*Flush-Kleens” are the only absolutely clog-proof sewage 
pumps; impellers are not required to pass any solids. 

The “Flush-Kleen” will) pump anything that will pass 
through the pipe regardless of type or quantity of material. 
“Flush-Kleen™ selection is not limited to a narrow pumping 
range to prevent dynamic unbalance of the impeller and 
consequent shaft and bearing failure. 

“Flush-Kleen” versatility and flexibility of operation make 
selection of the proper unit simple for small stations where 
accurate capacity and head figures are often not available. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 


Flush Kleen, Scru-Peller, Plunger Swing Diffusers, Stationary Diffusers, 
Horizontal and Vertical Non Clogs Mechanical Aerators, Combination 
Water Seal Pumping Units Samplers AeratorClarifiers. Comminutors 
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A monthly Journal devoted to the advancement of fundamental and 
collection, treatment and disposal of sewage and industrial wastes, and the 
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Control . . . of paramount importance 
in chlorine gas feeding . . . is a major feature 
of Builders Chlorinizers. With their unique dio- 
phragm control valves, these feeders keep 
chlorine gas flowing evenly, accurately. Auto- 
matic compensation is built in . . . temperature 
and pressure changes have no effect on the 
accuracy of chlorine delivery. Here's the valve 
thet brings true watchdog dependability to the 
chlorination of water and sewage. 


For extra safety, the Chlorinizer control valve 
incorporates o powerful coiled spring, poised, 
ready to cut the chlorine flow if any condition 
occurs to interfere with sofe operation. Learn 
more about the many advantages of Builders 
Chlorinizers: for |, semi-out tic, 

gram, or flow-proportional chlorination. For 
Bulletins and engineering information, address 
Builders-Providence, Inc. (Division of Builders 
lron Foundry), 368 Harris Ave., Prov. 1, R. |. 


BUILDERS PRODUCTS 


The Venturi Meter * Propeloflo and Orifice Meters * 
Kennison Nozzles * Venturi Filter Controllers and 
Govuges * Conveyoflo Meters * Type M and Fio- 
Watch Instruments * Wheeler 
Filter Bottoms * Master Con- 
trollers * Chlorinizers 
— Chlorine Gos Feeders * 
Filter Operating Tobles * 
Manometers * Chronofloe 
Telemeters 


The chlorine gas feeders 
with extra features 


BUILDERS¥@ PROVIDENCE 


704 
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Ae ...NOW REDESIGNED FOR STILL HIGHER EFFICIENCY 


If you're pumping solids ... not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 


operation, has now been redesigned for still higher efficiency. 
Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
: bearing. Large size pumps also have a self-aligning, spherical roller radial 


bearing. 
Capacities range from 3,000 to 50,000 G.P.M., heads from 10 to 50 ft. For 
complete details, write Dept. AC- 5. 


Centrifugal, axial and mixed flow pumps for all applications. 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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SEWAGE 


AND INDUSTRIAL WASTES 


W: \RE LOOKING FORWARD to seeing you at the 
\.W.W.A. Convention to be held in Philadelphia 
trom May 21 to 26. A most friendly welcome awaits 
vou, and we hope that many of you will take the 
opportunity to get better acquainted with our prod 
ucts by visiting our plant in Florence, N. J., near 
Philadelphia 

At the Convention, our products will be on display 
in Booths 217 and 219. Come and see for yourself 
how simplicity of design and ease of replacement 
make the Modernized Mathews Hydrant a vital link 
in the fire fighting system of every modern, safety 
minded community 


MATHEWS HYDRANTS 


Made by R. BD. WOOD COMPANY 
Public Ledger Bidg., Independence Square, Phila. 5, Pa. 


Monwufacturers of “Sand-Spun" Pipe icentrifugally cast 
in sand molds) and R. D. Wood Gate Valves 
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SEWAGE AND INDUSTRIAL WASTES 


' Let Link-Belt Help You 


Dispose of Industrial 
| Wastes 


Safeguard public health or salvage valuable by-prod- 
ucts from waste water, or perhaps do both, by means 
of Link-Belt equipment for water, sewage and indus- 
trial waste treatment. Note the four typiccl applica- 
tions here shown. 


Link-Belt engineers, with a broad line of equipment 
and extensive experience, can aid you in planning and 
installing the right type of plant to solve your specific 
waste problems. 


-_ Above. Waste recovery system at 
large give factory, consisting of en- 
closed revolving screens with settling 
pit and dewatering screw conveyor 
for the screenings. 


left, Coolont clarifying system uti- 
lizing Link Belt dewatering conveyor 
After clarification, coolant may be 
filtered or returned direct to grinding 
machines 


Left, Paper stock is recovered in the 
Link-Belt Save-All by a mechanical 


skimmer which collects the floating 
stock with a minimum of woter 
Left: Heavy grit and detritus is re 
= moved from flume woter of sugor 
beet factories, by settling in o tank 
equipped with o Link-Belt grit col 
e lector 
The Link-Belt line includes screens, sludge col- 
a lectors, grit collectors, grit washers, chemicol 
mixers, sludge dryers, power transmitting, elevot- 
ing and conveying machinery. 


es, LINK-BELT COMPANY 
Priledeiphie 40, Chicege indionapelis 6, Atlente, Heviten 
Sen Francisco 24, Los Angeles 33, Seottic 4, Torente 
Offices ia Princivet Cities 
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SEWAGE AND INDUSTRIAL WASTES 


REMEMBER 
THIS 
WRENCH 


... When Planning 


ns faster installation and lower 
just two of the many advan- 
gain by using Armco Mut 
Piate for large sewers. 

Individual pre-curved 
sections are quickly bolted together to 
form a sturdy full round pipe, arch or 
Pire-Ancu. Only the simplest tools 
and e quipment are needed. There is no 
costly formwork, no curing delay 

Other advantages include the 
designed strength of Munti-PLATE to 


stand up under heavy !oads, freedom 


— 


Big Sewers 


from disjointing or malalignment, and 
durability for long service. 

W rite for « omplete data and ask too 
about these other Armco sewer struc- 
tures: Plain Galvanized Pipe for nor- 
mal use, Pavep-INveRT Pipe to check 
erosion, ASBESTOS-BONDED Pipe for se- 
vere corrosive service, for 
limited headroom. Armco Drainage & 
Metal Products. Ine L170 Curtis 
Street, Middletown, Ohio. Subsidiary 


of Armco Steel Cor- ( ) 
poration. pRMCO 


ARMCO SEWER PIPE \/ 


» 
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SEWAGE 


ACCELO® 


A BETTER SYSTEM OF DIRECT RECIRCULATIO 


Direct Recirculation can be easily Incl 


of sewage and other organic wastes. This 
large quantities of the fresh unsettled trickl 


advantages include: 1. Increased biological 


ing or ponding, 5. No odors, 6. Reduction 
WRITE FOR complete information con- 
cerning the ACCELO FIL- 


TER SYSTEM. Ask for 12-page catalog No. 
6200 containing flow diagrams, charts, installa- 
tion diagrams, pictures, and interesting de- 
scriptions of its many superior advantages. 


GENERAL OF 


AND INDUSTRIAL 


Biological oxidation is greatly accelerated by the Accelo Filter in the treatment 


the inlet of the filter distribution equipment. 
inates many of the nuisances common to the conventional trickling filter. The 
ACCELO FILTER System may be used to give increased capacity to overloaded 
conventional trickling filters as it makes higher dosing rates possible. Other 


size of sedimentation tanks, 3. Smaller trickling filters, 4. No clogging, slough- 


INFILCO Inc. 


BLACK». CHICAGO 16, ILLINOIS 


WASTES 


FILTER® 


N FOR SEWAGE PLANT OPERATION 


uded in any Treatment Plant! 


is accomplished by recirculating 
ing filter effluent directly back to 
This method of operation elim- 


filter efficiency, 2. No increase in 


of psychoda fly nuisance. 


perven Tht CONDITIONING 
TREATMENT SINCE 


WORLD'S LEADING MANUFACTURERS QF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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SEWAGE 


INDUSTRIAL WASTES 
SLUDGE 


IRRIGATION WATER 


= Ask For Bulletin 62 
BAILEY METER COMPANY 
1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 

METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 


q ME TE 
Retains Accuracy 

gelt-cleanine 

6. Multi Control 
g. simple nd Ratio 

g. Rate 

| A Reliable low Cost Meter : 
for 
pailey _ \ 
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—Selects the Nichols Multiple Hearth | | 


Sludge Drier-Incinerator 


: These decisive Nichols features tell the 


story... 
7 1. Proved performance 

2. Guaranteed lowest operation costs 
3. Proved dependability 
4 


Drying, deodorizing and incineration 
in one unit. 


During the past year the following cities 
chose Nichols Incinerators for heat dry- 
ing and incinerating sludge. 
Ann Arbor, Mich. 
Bridgeport, Conn., East Plant 
Akron, Ohio 
Providence, R. I. 
Bridgeport, Conn., West Plant 
and now 
Cincinnati, Ohio 


When writing, ask for Bulletin No. 210F 
Nichols Engineering & Research Corp. 
70 PINE STREET, NEW YORK 5, N. Y. 


40 S. LOS ROBLES AVE., PASADENA 1, CALIF. 
1477 SHERBROOKE ST., W., MONTREAL 25, CANADA 
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with CHAPMAN 


Check Valves 


Because of their unique design, Chapman Tilting Disc 
Check Valves close without slamming. There is no water- 
hammer... no vibration of pipe lines or adjacent struc- 
ture. Nor any danger of opening up pipe joints or ruptur- 
ing pipe lines. All mighty important reasons why mainte- 
nance costs are bound to go down when you standardize 
on this valve with the cushioned closing. 

Yet that's only part of the story. Chapman Check Valves 
also reduce head losses 65% to 859 over conventional 
type check valves. And, when installed on pump dis- 
charge lines, they not only make possible inc reased pipe- 
line capacity but also effect substantial power savings. 


Why not send for bulletin with engineering data today? 


The CHAPMAN VALVE MFG. CO. 


INDIAN ORCHARD, MASS. 


REDUCE PIPE LINE MAINTENANCE COSTS 


TILTING DISC 


— 
EW AGE AND NDUSTRIATL WASTES 
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Cross-section of ; 
Tilting Disc valve 
illustrating the way 
disc is 
Pivot with arrows 
¢ ning the travel of the disc 
heen of the design is 
from. ‘the lifts away 

se 
opening. and drops 
act when closing, with 
Sliding or wearing of the 
Seats. 
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GRIT COLLECTOR 
WASHER 


EFFECTIVE SEPARATION 


For most effective separation and removal of inorganic solids from liquids, rely on 
Rex Mechanically Cleaned Bar Screens and Rex Grit Collectors. At the Boat Harbor 
Sewage Treatment Plant in Newport News, for example, these efficient units are 
more than meeting the requirements. Two Rex 
type "MA" Bar Screens in channels 3’ wide x 
15’ 6” deep effectively remove large solids. The 
Rex Features ... large bar rack area exposed to 
flow; straight, unobstructed flow; low head loss; ' 
large reserve capacity; rugged design; low in- 

stallation and operating costs... assure maxi- 

mum efficiency. 


Material removed by the bar screens is ground 
to small size by Rex Triturators . .. the only 
screenings grinder that positively cuts material 
to bits by the shearing action of 2,000,000 blade 
cuts per minute. Ground material is returned to 
the liquid fow immediately behind the screen. 


Rex V-Bucket Type Grit Collectors em- 
ploying the Rex Recirculation Process for 
effective grit control at Boat Harbor Plant. Two Rex V-Bucket Type Grit Collectors effec- 
tively separate and remove inorganic grit from 
the flow. Buckets carry and elevate the grit to a 
hopper which in turn feeds the grit into a cross 
screw conveyor. Conveyor discharges the grit 
into buckets for disposal. An important advan- 
tage of Kex Grit Collectors is their built-in re- 
circulation process which provides effective con- 
trol of grit quality. All grit is returned to the top 
of the incoming average or normal flow at the 
channel entrance. Organic material is thus carried 
out of the channel for further treatment... only 
concentrated grit resettles for disposal. 


Why not obtain these effective advantages for 


Rex Type MA Mechanically Cleaned Bor your plants? For all the facts, send for your copy 
Screens equipped with Rex Triturators of Bulletin No. 48-41. Chain Belt Company, 
at Boat Harbor Plant. ; 1606 W. Bruce Street, Milwaukee 4, Wisconsin. 
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Make ae that LAST | 


WITH 


KOPPERS 
BITUMASTIC 
JOINT 
COMPOUND 


en 


Cc AY sewer pipe joints made with Kop- 
4 pers Bitumastic Joint Compound CPI-2 
are strong and lasting as the pipe itself. 
That's because Bitumastic Joint Compound 
resists the three major enemies of sewer pipe 
joints — raw sewage, root penetration and 
line settlement 

Bitumastic has a base of specially-proc- 
essed coal-tar pitch and is unaffected by 
sewage solutions and gases or by soil chemi 
cals 

The tight seal Bitumastic Joint Compound 
CPI-2 makes between the bell and spigot 


prevents root penetration . . . both initially 
and after years of service because Bitumastic 
won't disintegrate with age or lose its bond. 

In addition, Bitumastic Joint Compound 
CPI-2 has the right cold-flow characteristics 
to permit normal pipe movement caused by 
settling. 

Specify Koppers Bitumastic Joint Com- 
pound CPI-2 for your next clay sewer pipe 
job. Use Koppers Bitumastic Enamels and 
Protective Coatings to protect your equip- 
ment against all 
forms of corrosion 


Here’s the complete story 


Our bulletin “Down to Stay 


tells you all about the 


advantages of Koppers Bitumastic Joint Compound 
CPi gives full details on applying it-on the 


ground or in the ditch 
ucts Division for your copy 


) 


Write to Koppers Tar Prod Pee, 


there's no obligation yp 


BITUMAsTiC JOINT COMPOUND CPI-2 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 543T, Pittsburgh 19, Pa 
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_PROTECTIO. 


PLUS. 


SERVICE 
SEWAGE GAS CONTROL | 
EQUIPMENT 


Safe storage and utilization of sew- 
age gases require every precaution 
against the possibility of fire and 
explosion. Good plant design in- 
corporates the best in protective 
devices. Here’s where a few of such 
“VAREC” Gas Control and Safety 
Devices are used: 

DIGESTER PROTECTION—“VAREC” 
Figure No. 5800C Pressure Relief 
and Vacuum Breaker Valve with 
Flame Arrester 

GAS HOLDER PROTECTION —"“VAREC” 
Figure No. 280A Pressure and Vac- 
uum Relief Valve and “VAREC” 
Figure No. 450 Flame Trap Assembly 

BOILER PROTECTION —"“VAREC” Fig- 
ure No. 187 Pressure Regulator and 
“VAREC” Figure No. 450 Flame 
Trap Assembly 

SYSTEM PROTECTION —“VAREC” Fig- 
ure No. 440 Pressure Relief and 
Flame Trap Assembly 

PIPING PROTECTION —“VAREC” Pig- 
ure No. 70 Explosion Relief Valve 

LABORATORY GAS LINE PROTECTION 
~"VAREC” Figure No. $2A Flame 


Fig. No. 524 


For further details write for the 


Fig. No. 450 “VAREC” S-3 Catalog 


Fig. No. 70 


rom ma. THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 


Cotte VAREC USA (All Codes) 
ton * Pittsburgh * Chi Detroi * St. Lowls * 
Tulsa * Casper, Wye. * Prove, Utah © Los Ang hd’ isco * Seattle 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canadc 
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@ View of Sewage Treatment Plant, Hammond, Ind 
mnie of the many plants where Clow Cast lron Pipe 


in short lengths was furnished to exact specifications 


The sanitary engineer, faced with difhcult piping 
problems, knows the importance of short lengths of 
pipe. The Clow shops, completely equipped with the 
latest machinery run by experienced mechanics, 

will fabricate pipe to exact specifications. Pipe can 

be furnished flange and flange, flange and bell, flange 
and plain end or both ends plain—in all sizes 

3 through 24 inches and in laying lengths up to 18 feet 


Clow "IPS" Cast Iron Pipe 


Clow Cast lron Pipe is also available in Iron Pipe Size 

O. D., with flanged, plain, or threaded ends. May be 

cut, threaded and fitted on the job or we can fur 

nish to your exact specifications. In 3” size—16 ft 

random lengths; 4°,5°,6" and 8" sizes 18 ft. lengths 
The Clow Catalog PIPE ECONOMY fully 

illustrates our line of cast iron pipe, fittings, 

valves and specials for sewage treatment 

plants. Send for it today! 


JAMES B. CLOW &2 SONS 


201-299 North Taimen Avenue Chicago 80, Ilinois ond their National Cast iron Pipe Division, 
ai 


subsidiories Eddy Valve Co., Waterford, N. Y ; 
lowe Valve Co., Oskaloosa, lowe 
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STATIONS e 


Good reasons why they are your best buy 
FOR EVERY MUNICIPAL INSTALLATION 


SHONE PNEUMATIC EJECTORS 


FOR HANDLING CRUDE SEWAGE AND SLUDGE IN SEWAGE LIFT 
IN SUBWAYS e IN MUNICIPAL SEWAGE PLANTS 


These far-sighted communities wanted 
the best, chose Shone Ejectors for recent 
installations: 


Daytona Beach, Fla. (6) 


Los Angeles, Calif., Hyperion Treatment Plant (2) 
smpus, University of Washington, Seattle (2 
hicago, Ill., West Side Subway Extension (22 

Osceola lowa 

Mt. Clemens, Mich 

Freeport, L. L., New York (6) 


Port Washington, L. L., New York (2 
Moorehead, Minn., Treatmest Plant (6 
Anacostia Treatment Plant, Washington, D. ¢ 


A few of hundreds of older Shones operat- 
ing as efficiently and dependably as ever: 


Long Beach, Calif Winona, Minn 
Ft. Lauderdale, Fla Brookhaven, Mixs 
Pensacola, Fla Butler, Mo. 
Silver Springs, Fla Rolla, Mo 
Dublin, Ga Bloomfield, Nebr 
LaPorte, lad Manchester, N. H 
Warsaw, Ind Auburn, N.Y 
edar Rapids, la Olean, N. 
Davenport, la Kochester, N. Y 
yx City, la Berea, O 
Hays, Kans Dayton, O 
Salina, Kans Enid, Okla 
Winnsboro, La Tulsa, Okla 
Aberdeen, Md Providence, R. 1 
Ba we, Md Memphis, Tenn 
Brighton, Mict Austin, Tex 
Detroit, Mich Dallas, Tex 
Flint, Mich Madison, Wis. 
Pontiac, Mich Milwaukee, Wis 
Royal Oak, Mich Neenah, Wis. 
Tawas City, Mich Laramie, Wyo 
Faribault, Mine 


v no wet well 
\ no noxious fumes or odors 
\ no danger of explosion 


\ no screens or shredders -- 
no repulsive cleaning job 


For 75 years, in hundreds of municipal 
installations around the world, Shone 
Pneumatic Ejectors have been a sym- 
bol of utter dependability. 


You may have heard the amazing story of the Shone 
Ejector sealed in its pit for more than 20 years 
never inspected because it was not listed among 
mechanical equipment; rediscovered when alteration 
work opened the pit—operating as rhythmically and 
quietly as the day it was installed. 


MINIMUM MAINTENANCE 


Shone Ejectors require no attention. They can be 
operated from distant compressors —and several can 
be operated from a single compressor plant. 

Write for Bulletin 4004—contains Air Volume and 
Pressure Table, sizes, dimensions, air piping lay- 
outs and other comprehensive specifications. 

Use the coupon for convenience. 


YEOMANS 


— ‘OR BUILDINGS, MUNICIPALITIES, INDUSTRIAL APPLICATIONS 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Illinois 
Please send your Bulletin 4004 
Name 
Company 
Address 


City State 
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bursting strength — or, for that 
matter — without all of the strength factors 
listed opposite —no pipe laid 100 years 
ago in city streets would be in service 
today. But, in spite of the evolution of 
traffic from horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services - cast iron gas and water 
mains. laid over a century ago, are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combines all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any ol 
these strength factors should ever be iaid 
in city streets. Cast Iron Pipe Research 
Association. Thos. F. Wolfe, Engineer. 
122 So. Michigan Ave., Chicago 3. 


CAST IRON PIPE 


INDUSTRIAL WASTES 


Strength factors of Long Life! 


strength factors should ever be laid in city streets 


In full length bureting tests standard finch 


BURSTING cast irom pipe withstands more than 2500 lhe 
square inch internal hydrostatic pressure. 
STRENGTH which proves ample ability to resist water. 


bammer or working pressures. 


The toughness of cast iron pipe which enables 
it to withstand impoct and traffic shocks. as 
well as the hazards in handling. is demon 
SHOCK strated by the Impact Test. While under hydro 


static pressure and the heavy blows from a 
STRENGTH pound hemmer, standard 6inch cast bon 
pipe does not crock until the hammer is 
dropped § times on the same spot from pro 
gressively increased heights of § inches. 


The ability of cast iron pipe to withstand es- 
ternal loads imposed by hecvy fli and us 
usucl traffic leeds is proved by the Ring 
Compreasion Test. Standard 6 inch cast irom 
pipe withstands a crushing weight of more 
than 14.000 Ibs. per foot. 


CRUSHING 
STRENGTH 


When cost irom pipe is subjected to beam 
streas caused by soil settlement or disturbance 
of soll by other afiliies. or resting on an ob- 
struction. tests prove that standard 6 inch cast 
tron pipe in 104oot span sustains a load of 
15.000 ibe. 


BEAM 
STRENGTH 


‘SERVES FOR 
CENTURIES 


if 
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ON DORR CLARIFIER 
PERFORMANCE! 


OPERATING DATA DORR SIFEED CLARIFIERS— RADIAL FLOW—ROUND OR SQUARE 
we Clarifiers |___ Samp. Selids 8.0.0 
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\ few moments study offthese™figuresZwill give you a clear idea of what 
kind of performance you can expect Dorr Clarifiers to deliver. 


These are long-term records . . . obtained by competent plant chemists 
at well established installations. We believe they cannot be bettered. 


Performance is one of the primary factors upon which Clarifier excel- 
lence should be judged. Are you getting the best? 


We'd like lo give you some figures on 
Dorr Clarifier repaur costs loo, \sk 
a Dorr engineer for the faels. 


‘ THE DORR. COMPANY, ENGINEERS 
Close-up of peripheral overflow from one of four 160’ dia. Ph get Bg 
Dorr Sifeed Clarifiers at Buffalo, N.Y NEW YORK © ATLANTA © TORONTO 
cHrcaGO © DENVER © LOS ANOELES 
RESEARCH AMD TESTING LABORATORIES 
WESTPORT, CONN. 
SUGAR PROCEISING 
PETERE & CORR DIVISION, STAMFORD, CONM 


Derr Technica! 
| Aveodobie Trough Arocioted Companies ond Bop- 
the Principal Cities of the World 
Nome: and Ad on 


kes 
} 
Battie Creek, | ma] 2 | wow) m | ss | | 
Wish 1 | we us] 4 | az] am] ue @ 1 
Codas Rapids, ta. eee} as : 
Cote | ‘ “in 
mised 

RESEARC G G IP 


The literature on sewage, industrial 
waste, and stream pollution has been 
expanding rapidly. The first annual 
review for 1932-33 listed 122 papers 
for the two-year period. After 10 
years the number of papers reviewed 
had increased to 232 a year. For sev- 
eral war years the number of papers re- 
mained about constant, increased to 
287 in 1948, and with this 18th annual 
review to 398 references. 
The recent increases are almost entirely 
the result of greater interest in indus- 
trial wastes and stream pollution. 

The fear that the poliomyelitis virus 
may be transmitted through domestic 
sewage has been relegated to a theo- 
retical possibility. 


increased 


No convincing evi- 
dence has been presented that pollution 
of water supplies or polluted bathing 


places was responsible for infection 
: with the virus. The danger of using 
| sewage and sewage sludge for agri- 
j cultural purposes seems to have been 
overrated 


Many investigators have played with 
the idea of using oxygen instead of air 
for the oxidation of organic matter. 
Laboratory results now have been pro- 
duced to show that a concentrated bio- 
floe may maintained with 
pure oxygen, resulting in an increased 
rate of oxidation. Application of the 


logical be 
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A CRITICAL REVIEW OF THE LITERATURE OF 1949 
ON SEWAGE AND WASTE TREATMENT 
AND WATER POLLUTION 


By W. Rupo.rs, Chairman, H. E. D. E. BLoopaoop, G. P. Epwarps, 
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J. Tstvoeiov, L. W. Van Kieeck, J. 
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S. 


principle is now awaited to determine 
its economic feasibility. 

The tremendous increase in the use 
of detergents since the last war has cre- 
ated considerable apprehension among 
sewage plant operators. Increases in 
load on secondary treatment devices, 
decrease in gas production, and pos- 
sible effect on dewatering of sludge, 
together with finding 4 to 6 ft. of foam 
on aerators in activated sludge plants, 
dloes not allay the fears despite reas- 
suring made by certain 
Chances are that a 
amount of information 
will become available during the next 
few years. 


statements 
manufacturers. 
considerable 


Another waste which causes uneasi- 
ness is that from radioactive materials. 
To date most of the papers published 
do not give much information regard- 
ing the real or imagined dangers. The 
absence of pertinent information re- 
garding the treatment of liquid radio- 
active wastes is probably caused by the 
fact that studies on the effects of the 
wastes on biological communities are 
in their infancy. It appears, however, 
that within the limits of national se- 
curity, information will be fortheom- 
ing as rapidly as it is available. 

In the industrial waste treatment 
field, materials which may be consid- 
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red toxic or having a preserving ac 
tion appear to be capable of being 
treated by biological devices, In addi 
tion to the well-known phenol treat 
ment method, we have now the adapta 
tion of biological filters to formalde 
hyde. It appears that a specific flora 


and 


fauna can be developed readily to 
take care of such types of wastes. 

The treatment of organic waste, such 
as veast and antibiotics, seems to follow 
the general biological methods em 
ployed for sewage. Of interest is the 
rediscovery of effective digestion of 
strawboard waste, which was practiced 
on a large seale at least as early as 
1914. It seems that many practices are 
rediscovered at least once every gen 
eration 

Worthy of note is the interest in the 
use of chlorine for treatment of indus 
trial wastes. The information regard 
ing the effect of chlorine on oxygen 
‘consumed, B.O.D., eolor, and toxicity 
of industrial waste is very meager or 
non-existent. The possibilities of using 
this chemical tool warrant considerable 
study 


General 
Di Sf ASE 


Interest in the spread of disease by 
sewage and sludge continues Gear 
and Measrock (134) found poliomye 
litis virus in raw sludge and in primary 
and humus tank effluents. The pres 
ence of the virus could not be detected 
in digested sludge, sand filter effluent 
and in psychoda flies. The virus was 
still present in the sewage two months 
after the last known poliomyelitis case 
had oceurred in the area in Johannes 
burg, South Africa The virus was 
detected regularly when the epidemi: 
had reached its peak On three ocea 
sions when the settled sewage was posi 
tive, the sand filter effluent was nega 
ve Vevetables rrown on land irl 
rated with humus tank effluent did not 
show thr presene of the virus 

Maxey (246) coneluded that the oe 


asional finding of the poliomyelitis 


virus in domestic sewage during a pe- 
riod of high prevalence is without sig 
nificance in the transmission of the 
disease unless or until it can be shown 
through what channels the virus may 
reach the alimentary tract of human 
beings. It has not been traced beyond 
the effluent from sewage plants. That 
it may occasionally survive the condi- 
tions which effect natural purification 
in rivers and lakes and reach the in 
take of a water system, he considers 
only a theoretical possibility. Despite 
the extensive investigations there is no 
instance on record in which convine 
ing evidence has been presented that 
pollution of water supply was respon 
sible for infection with the virus 
Brown (74) emphasized that with the 
exception of infectious hepatitis, milk 
and water, if involved, do not repre 
sent the major vehicle of infection of 
any of the virus diseases The route 
of transmission of poliomyelitis seems 
to be personal association with either 
oropharyngeal or the gastro-intestinal 
discharges of infected individuals. Fe- 
‘al contamination of milk and water, 
though potential vectors. accounts for 
only occasional infection. 

A discussion of the role of the sludge 
digestion process to the problem of dis 
ease was given by McLachlan (249) in 
a symposium on the utilization of sew 
age sludges at the South African 
Branch of the Institute of Sewage 
Purification. The author recommended 
the adoption of a 3- to 6-month period 
as an ultimate safe detention for sludge 
digestion, including air drying and 
storage, for eliminating the risks of 
transmission by intestinal parasites, 
the Salmonella group of bacteria, and 
poliomvelitis virus. In the same sym 
posium Wilson (387) discussed the 
risks of transmission of disease through 
the use of sewage sludges as fertilizer 
ind the methods of rendering them 


Experimental work for the evalua 


ion of the effect of various sewage 


treatment processes upon eggs of 
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Taenia saginata (beef tapeworm of 
man) was reported by Newton, Bennett, 
and Figgat (275). The results indi- 
cated that sedimentation of sewage 
would remove the majority of the eggs, 
but a considerable number would escape 
in the effluent. Sand filtration at the 
rate of 1 m.g.a.d. was very effective in 
removing the eggs. Digestion was 
found to be very slow in destroying the 
eggs. Trickling filters did not provide 
adequate protection. The activated 
sludge process has little effect on the 
eggs. 

Falk (120) conducted field experi- 
ments to study the problem of con- 
tamination of tomatoes grown in pol- 
luted soils. Tomatoes were grown on 
sewage irrigated and nonirrigated plots. 
In another experiment the growing 
tomatoes were sprayed with a suspen- 
sion of feces and Esch. coli. It was 
found that the coliform content of un- 
cracked tomatoes grown on _ polluted 
soils was no greater than those from un- 
polluted soils. It made little difference 
whether the plots were irrigated dur- 
ing the growths of the plants or prior 
to planting. Tomatoes with cracked 
stem ends had a higher coliform con- 
tent regardless of the pollution of the 
soil. When tomatoes were sprayed 
with feces or Esch. coli it was found 
that within a month the contamination 
had been reduced to or below the un- 
sprayed controls. A species of Sal- 
monella sprayed on tomatoes in the 
field could not be recovered after 7 
days. 


Biology 


Recent investigations in the micro- 
biology of sewage and industrial waste 
treatment processes are reviewed by 
Smit (330). The biology of sewage 
treatment processes is also discussed 
by Lackey (227). Barker (51), dis- 
cussing the types of protozoa found in 
sewage, trickling filters, and activated 
sludge, emphasizes the seasonal fluctua- 
tion and the effect of sloughing on the 
protozoan populations of trickling fil- 
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ters. According to the author the 
function of protozoa is clarification, in- 
direct stimulation of bacterial growth, 
direct destruction of soluble and in- 
soluble matter, and mechanical agita- 
tion. 

A study of the nature of sewer 
slimes, a laboratory method for investi- 
gation of such growths, their effect on 
sulfide production, and methods of con- 
trolling their growth, were presented 
by Beardsley These growths 
have a high resistance to disinfectants. 
The effect of various metals, chlorine, 
organic disinfectants, such as chloro 
and bromo derivatives of benzene, 
aniline, phenol, chloroform, carbon tet- 
rachloride, and quarternary ammonium 
compounds on the slimes and their 
sulfide producing activity were studied. 
Prevention of growths is more effective 
than destruction of existing growths. 

A study of the biology of phenol- 
splitting microorganisms is presented 
by Lieb (236), including metabolism, 
strains, and culture media for phenol- 
splitting organisms. Strains isolated 
at 46° C. could not decompose phenol 
at 22° C. 


(55). 


Methods 


The effect of temperature (5° to 
20° C.) and sea water (0 to 18,300 
p.p.m. chlorides) on the B.O.D. of 
sewage in bicarbonate dilution water 
was reported by Gotaas (144). The 
results showed that the rate of biologi- 
cal oxidation varies considerably under 
similar conditions. The data indicate 
that the rates are higher for low con- 
centrations (550 to 6,000 p.p.m. chlo- 
rides) of sea water than in fresh water. 
For higher concentrations of sea water 
(greater than 9,000 p.p.m. Cl) the 
rates are progressively less than in 
fresh water. Sea water does not sig- 
nificantly affect the magnitude of the 
first-stage B.O.D. of sewage, but re- 
tards the second-stage B.O.D. 

Comparative studies of dilution wa 
ters on the B.O.D. test were reported 
by Mick (255). There was little choice 
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of organic matter to proceed at a nor 
mal rate 

The effect of various environmental 
factors on the biochemical oxygen de 
mand of activated sludge was reported 
by Dawson and Jenkins (99 The 
results were obtained on 1 to 5 ml. of 
activated sludge in Warburg or Ban 
respirometers. The apparatus 
was deseribed and graphs showed con 
sistent and re producible data 

Atter subjecting more than SO on 
vanic compounds to replicate dichro 
mate oxygen consumed tests at two 
acid concentrations, Moore, et al. (263 
proposed refluxing 50-ml. samples for 
2 hr. in the presence of 25 ml. of N/4 
dichromate and 75 mil. cone. H.SO,, 
ind back titrating the cool residual 
oxidant with standard ferrous am 
montium sulfate. Ortho phenanthrolin 
ferrous complex was used as an inside 
or having a very sharp end 
pomrt Seven compounds of over 30 
selected for study were only slightly 
oxidized by both the dichromate metho 
in iodic acid method. Except for 
lutamic acid, which was 86 per cent 
oxidized by the dichromate method as 
against 99.9 per cent by the iodie acicd 
method, the 
more efficient and reproducible in oxi 


dichromate method was 


dizing those compounds which are 
imenable to chemical oxidation The 
mitations of the dichromate, perman- 
ganate, ceric sulfate, and iodie acid 
methods are discussed Additional 
studies on the permanganate O.C, at 
10° to 40° C. and at boiling. as com 
pared to B.D were reported bs 
Beeckmans and Deaujyean (956 

\n exhaustive nvestigation of the 
itrite test has been made bv Rider 
The study showed 

it superior accuracy and reproduei 
bility could be achieved by diazotizing 
vith sulfanilic acid at a low pH and 
upling the diazotized complex with 
Ipha-naphthyvlamine hydrochloride at 


pll than recommended by 


Standard Methods (337 Proper pH 
lav be secured for 
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step by altering the concentration of 
acid (HCl) in the two reagents and 
using sodium acetate buffer in the 
coupling step. The paper should be 
consulted for details on the prepara- 
tion of the reagents, the procedure, and 
the accuracies which were achieved 
when using a Beeckman spectropho- 
tometer. 

Baillie (50) used a photometer and 
alpha-naphthylamine hydrochloride in 
HC] for the nitrite test according to 
Standard Methods (337). The hydro- 
chloride solution was easier to prepare 
and had superior keeping qualities. 
Good reproducibility was reported 
when transmittance of standards were 
compared with a calibration curve. It 
is questionable, however, that the 
claimed accuracy of ‘1 per cent or 
less’? was reliable over the range of 
100 to 6 per cent transmission, or 0 to 
0.46 p.p.m. nitrite nitrogen. 

In photometric analysis the plotting 
of absorptaney against logarithm of 
concentration has important advantage 
in evaluating the accuracy (46). Nor- 
mally the most reliable range falls be- 
tween an absorptancy range of 40 to 
80 per cent. 

A modified Sprengel reaction for the 
determination of nitrate nitrogen was 
reported by Provedi (298). Ten ml. 
of water sample treated with sodium 
acid salicylate was evaporated on a 
steam bath. Concentrated H,SO, was 
added. After warming for several 
minutes on a steam bath, distilled water 
and a caustic solution were added and 
the nitrate determined colorimetrically. 

According to Setter, et al. (323), the 
suspended solids of raw and _ settled 
sewage and activated sludge effluents 
at a particular plant were estimated 
with an accuracy comparable to the 
Gooch method. 400- to 800-ml. sam- 
ples were homogenized in a Waring 
blender prior to measuring the ab- 
sorbtancy in a photometer. A 15-ml 
curvette having a 20-mm. light path 
was filled with blended sample and 
placed 145 to 165 mm. distant from 
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the photo-cell to magnify the seatter- 
ing of light due to turbidity. Depend- 
ing on the type of samples, a range of 
20 to 100 p.p.m. suspended solids fell 
in the reliable photometer range for a 
20-mm. light path. 

A filter paper method for the deter- 
mination of suspendel solids is de- 
scribed by Fraschina (131). 

A test for settleable solids was sug- 
vested by Ludwig (239) from a study 
of the average results of suspended 
solids in raw sewage. Ten sewages 
were settled under quiescent eondi- 
tions in 200-ml. beakers, and the su- 
pernatant suspended solids were de- 
termined every 15 to 50 min. for 4 hr. 
The same sewages were also coagulated 
without chemicals for 15 min. and set 
tled for 20 min. before testing the 
supernatant suspended solids. From 
an analysis of the settling curves it was 
deduced that the ultimate removal of 
suspended solids by plain subsidence 
corresponded to the removal achieved 
from mixing the raw sewage for 15 
min. at a paddle speed of 72 r.p.m., 
followed by 20 min. of settling. This 
relationship suggested the use of the 
latter technique in determining the 
ultimate volume of settleable solids as 
a quick substitute for the 2-hr. Imhoff 
cone test. 

The relatively inferior assay for 
volatile acids in sewage sludges by 
Standard Methods (337) was greatly 
improved by Heakelekian and Kaplov- 
sky (169 The proposed assay con- 
sists of (a) clarifying the sludge ad- 
justed to a pI of 3.5 with aeid, adding 
ferrie chloride and filter aid, and filter- 
ing; (b) concentrating the filtrate by 
adjusting the pH to 11, evaporating, 
and cooling; (¢) adjusting the pH to 
4.0, saturating the residual solution 
with MgSO, and steam distilling the 
volatile acids; and (d) titrating the 
distillate with standard NaOH to pH 
8.2. Recoveries of 92 to 98 per cent of 
acetic, proprionic, and butyrie acid ad 
ditions to sludges were reported, as 
contrasted with inferior recoveries by 
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Standard and other modified 


cedures 


pro- 


Kirschman and Pomeroy 
fine the * 


(208) de 
oil’? content of oil-field waste 
waters as the nonsaponifiable hexane 
soluble which 1s 


fraction, relatively 


nonvolatile at normal laboratory tem 
peratures. Comparative tests by two 


modified techniques gave similar re 


suits (one technique consisted of ex 
tracting the oil from 2.5 |. of water 
with three 200-ml. portions of chloro 
form, distilling off the CCl 


the extract with ether 


treating 
aleol ol and 
tic, extracting the nonsapontfiab e mat 
ter with hexane, evaporating the hex 
The 


alternate technique consisted of floe 


ane, and weighing the residue 


culating a 2.5-1. sample with 5 millimols 


of zine acetate and sodium carbonate 
settled 
floc, washing the original bottle with 
hexane, extracting the ‘‘oil’’ from the 


hexane, 


filtering and air-drying the 


floe in a Soxhlet with and, 
after evaporation of solvent, weighing 
the extract Flocculation with ferric 
hydroxide appeared less suitable than 
aluminum hydroxide or zine carbonate 
on waters containing appreciable sul 
fide. Zine carbonate was preferred as 
the floe filtered 


AL(OH 


A proced ire for the grease content 


more readily than 


of sewage sludges having minor varia 
tions over conventional procedures was 
Stephenson (340 The 
pHi 2 
smooth paste with an equa! weight of 
MeSO,-H.O. The 


reported by 
acidified sludge was mixed to a 
mixture was dried 
ground, and extracted for 5 hr. witl 
ye troleum ether. The extract was then 
dried and weighed 

A methylene blue method for deter 
mining hydrogen sulfide 
by Fogo 


was reported 
ind Popowsky 12s Hy 


drogen sulfide was absorbed from a 
stream of gas in a suspension formed 
by adding sodium hydroxide to a solu 
tion of zine acetate The suspension 


then containing the sulfide as zine sul 


fide was treated with an 


wid 


of p-aminodimethylaniline, followed by 
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the addition of a small amount of ferric 
After time had been 
allowed for the formation of the meth- 
vlene blue, 


chloride solution 


the solution was diluted in 
a volumetric flask and an aliquot was 
transferred to a photometer for meas- 
urement of the methylene blue color at 
a wave length of 650 millimicrons 

A comparison of methods 
for determination of sulfide in oxidized 


various 


sulfate black liquor is given by Collins 
94 

The addition of malonic acid as a 
sequestering agent and gum arabic as 
a stabilizing agent permitted the photo 
colorimetric estimation of copper in 
surface waters by the color reaction 
with dithio-oxamide (380 

The dithizone method for the deter 
mination of modified for 
use on sewage and industrial wastes by 
Swope, eft al. (348 


copper was 


After destroying 
the organic matter by wet combustion 
with nitrie and sulfuric acids, the cop 
per was complexed with dithizone at 
vontrolled pH and extracted with CCI, 
The optical density of the color com 
plex was 


measured in a photometer 


using a (510 millimieron 
and referred to a ecalibra- 
The recom- 
mended for copper in amounts of 0.04 
to 14 p.p.m 


green filter 


wave length 


tion chart method was 


The standard deviation 
of the method, on 12 to 15 samples of 


sewaut ontaiming 02 to O38 p.p.m 
copper, was 0.02 to 0.03 p.p.m 
Strandskov, Marks. and Horchler 
345) have shown that the residual 
chlorine test on sewage and sewage 


effluents by the phenvlarseneoxide 


imperomet! titration method eorre 


lates well with the bactericidal results 
as compared to the eorrelation 
with the ortho-tolidine residual. The 
method 


poor 


consisted of 


adding a known 


excess of phe ny larseneoxide followed 
by KIT; [ liberated by residual chlorine 
eacted wit! phenylarseneoxide ; the 


olf was reduced to 2.5 with HCl and 


the unreacted phenvlarseneoxide wis 


trated with standard iodine to an 


amperometric endpoint 


beste 
pe: 
eg 
Vs 


Vel. 23, No. 5 

Palin (286) differentiated free chlo- 
rine, monochloramine, dichloramine, 
and trichloramine from each other. 
Free chlorine or free chlorine plus * 
of trichloramine was obtained by titrat- 
ing a sample containing neutral ortho- 
tolidine and sodium  hexametaphos- 
phate with standard ferrous solution 
until the blue color was discharged ; 
KI was added, and the titration con- 
tinued to determine monochloramine. 
To the same sample, dilute H,SO,, 
followed by NaliCQ,, was added and 
the titration continued to determine 
dichloramine. ‘Trichloramine was de- 
termined on a separate sample by ex- 
tracting with chloroform. 

Mahan (242) assembled an amper- 
ometer for use in determining the end- 
point of residual chlorine titration. 
A sample of water was titrated with a 
standard solution of arsenite. The re- 
sults of three readings (one having ex- 
cess arsenite and two deficient in ar- 
senite) are plotted to locate the end- 
point for free residual chlorine. The 
total residual was determined by add- 
ing KI to the sample before titrating 
with arsenite, as in the ease of free 
chlorine residual. In the presence of 
substance having appreciable iodine 
demand at low pH, the total residual 
may be in some error. 

According to Trakhtman (359), ae- 
tive chlorine must be determined at the 
natural pH of the sample without 
acidification, as adjustment of pH 
changes the active Cl content. 

A review of the most important ad- 
vance in methods of water analysis 
during the past 5 years was made by 
Love (238). The review covered tests 
for Al, Fe, Ca, Mg, Na, K, Cu, Zn, Pb, 
Mn, NH,, B, Se, SiO,, SO,, PO,, Cl, F, 
CO,, Cn, Cns, NO,, NO,, Br, alkalin- 
ity, hardness, residual chlorine, D.0O., 
B.0.D., dissolved solids, organie sub 
stances, turbidity, and odor. 

The determination of iodine, dis- 
solved oxygen, and ‘‘active chlorine’’ 
based on the photometric estimation of 
iodine in a solvent extract was reported 
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by Kulenok (224). The iodine was ex- 
tracted from water with several por- 
tions of CCl, or CHC1,. Errors of 1 
to 5 per cent were reported in the 1 to 
0.2 p.p.m. range, respectively. The 
D.O. was determined by extracting the 
iodine liberated in the Winkler pro- 
eedure. Errors within 0.3 per cent 
were reported for the § to 12 p.p.m. 
range. The ‘‘active chlorine’’ is con- 
verted to I by addition of KI to sam- 
ples buffered at pli 4.5 before solvent 
extraction. In the absence of oxidizing 
agents other than ‘‘active chlorine,’’ 
solvent extraction of acid solutions was 
possible with less control of pH. 

The procedure for the field test for 
D.O. was as follows: fill 100-ml. gas- 
sampling bottle with usual precautions ; 
add required drops of MnS0, and 
alk-KI-azide, shake, and allow precipi- 
tate to settle; use a rubber bulb on 
pipette to withdraw quickly 50 ml. of 
clear liquor, followed by quickly add- 
ing the required acid and 10 or 20 ml. 
of CCl,, shake, or add 20 ml. CCl, to 
inside of bottle allowing clear liquor to 
overflow, followed by the required 
drops of H,SO, to acidify. Shake and 
determine iodine in extractant photo- 
metrically in the laboratory. The ac- 
curacy was reported to be within 10 
per cent in the range from 1 to 10 
p.p.m. 

A colorimetric method for minute 
concentrations of D.O, (102) was com- 
pared to the potentiometric method de- 
veloped by Perley. The modified 
Winkler method uses alk-MnCl,, HC}, 
and o-tolidine to yield the yellow color 
of chlorinated o-tolidine. The method 
was somewhat more repreducible than 
the potentiometric test in the lower 
levels of the range 0.08 to 0.003 p.p.m. 

The use of dropping mereury elec- 
trode for the continuous measurement 
of dissolved oxygen in flowing water is 
deseribed by Spoor (334). 

Tannin interference in the D.O. de- 
termination is reported by Sheets 
(324). Tannin interference, present 
in wastes from the paper and pulp in- 
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dustry and the tanning industry, seri 
affects the determination of D.O 
is due to the reaction 
No satis 


ously 
The interference 
between tannins and iodine 

solution is suggested. 
Martin (243) reports the use of 4 


aminoantipyrine as a reagent for the 


Tactory 


colorimetric estimation of phenol in 


water and salt brines in the range 0.2 
to 2 p.p.m 

A new indicator for the determina 
tion of carbonate alkalinity was pro 


posed (352 The indicator was di-Na 


4-bis (4-amino-l-naphthylazo)-2, 2 
stilbenedisulfonate Its preparation 
was dese! bed and, as it hydrolyzes 


readily in water, it was made up in 


acetone As it was susceptible to chlo 
rine, one drop of O.IN Na.S.QO.] was 
added The color change was from 


pink to blue 

determination 
(‘han’s urea hydrolysis technique were 
and Murray (192 


Vhotomi rographs and results showed 


(‘ontrol tests on the 


of calcium using the principles « 


made by Ingols 
that the calcium more readily precipi 
tates in large crystals when a sample 
acidified to pH 1.0 was treated 
ammonium oxalate and urea, and then 


with 


boiled 


Studies on the newer lithia-silica 
types of glass electrodes for pH meters 
showed a very rapid response to wide 
buffered 


pitfalls of 


hanges of pH in solutions 
291 The 
measurements due to improper wash 
trode 


allowing the 


inaccurate 


ing of ele mixing the solution, 


and electrode to dry, were 
valuated and discussed 

A semi-micro method for the deter 
nitrogen in sludges is de 


Klein (212) 


mination of 


ribed by 


Sedimentation 
1 Voigt (319 
new two sedimentation basin at 
the Dalecarlia filter plant of the Wash 
ington, D.C It has a total 
eneth of 776 ft. in the dire of flow 
of water, 316 ft. in the lower story and 
160 ft. in the a width of 138 ft 


Sehmitt an describe a 


story 


aqueduct 
tion 


ipper ; 
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and a depth of 17 ft. in the lower story 


and 15 ft. in the upper. Water from 
the lower story will pass vertically to 
through seven large 
openings 17 ft. 6 in. by 14 ft. 9 in., 
end of the 
Settled water in the upper basin then 


the upper story 


located at the far basin 
direction to the out 
The total capacity is 12.074 
theoretical 


flows in a reverse 


let ports 
detention 


nug., giving a 
period of 54 hr. and an average veloc 
itv of 2.4 ft. per min. at nominal plant 
rating. It is planned to remove settled 
sludge from the basin at intervals by 
draining, and flushing with high-pres 


sure water streams No mechanical 
cleaning equipment is installed 
Moore, Smith, Ruchhoft (264 


deseribed detention period tests made 


and 


on two circular sedimentation tanks at 
Elizabethtown, Ky., by the salt dis 
persion method. These tanks, having 


theoretical detention periods of 2.25 


and 1.78 hr., respectively, had actual 
periods of only 1.38 and 1.22 hr. The 
overflow rate in both tanks was 820 


gy.p.m. per sq. ft 
Grant (146 
ber at 


deseribed a grit cham- 


Columbus, Ohio, where air is 


usecl to keep the matter im 
suspension the grit to 
settle long by 44 


ft. wide, is built very much like a spiral- 


organic 
while allowing 
The chamber, 83 ft 


flow aeration tank with a longitudinal 
bottom which 
the grit is swept by the rotary motion 
of the The writ 
from the channel by clam buckets 
Results of the performance of a 
907 


Vacuator are reported by Logan (237 


channel along the into 


sewave is removed 


It averaged more than 40 per cent re 
moval of suspended solids from sew 
Seum 


age containing cannery wastes 


formation on the elarifier surface was 
controlled 
MeLaehlan (250 


mation on primary sedimentation tanks 


reported scum for- 


receiving Waste activated sludge from 


soluble nitrates from the manufacture 


f white lead Reduction of nitrates 


causes blanket rising of the waste ac 


tivated sludge. Nitrate nitrogen con- 
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centrations in the sewage due to this 
source are as high as 1,000 p.p.m., al- 
though rising of sludge will occur 
with as low as 5 p.p.m. nitrate nitrogen. 
Chloride of lime application of 230 
p.p.m. to waste activated sludge is rec- 
ommended to control sludge rising and 
scum formation. 


Chemical and Mechanical Treatment 


Williamson (386) describes a chemi- 
cal precipitation plant using caleium 
carbonate obtained as a waste product 
from the local water softening plant. 
The plant employs what is known as 
the ‘‘Daytona Beach Process.’’ Pilot 
plant experiments indicate an over-all 
3.0.D. removal to be expected of 70 
to 80 per cent with 1-hr. detention 
period in a specially designed eombina- 
tion coagulation and sedimentation 
basin. 

Chemical treatment of sewage con- 
taining a large proportion of textile 
wastes was studied by Lumb and 
Barnes (240) in Halifax, England. 
The chemicals used were chlorinated 
copperas with and without sulfuric acid 
and ferric chloride and ferric sulfate. 
Results obtained from chlorinated cop- 
peras differed only slightly from those 
with ferric chloride and ferric sulfate. 
Chlorinated copperas removed more 
impurities than sulfuric acid. A small 
amount of chlorinated copperas with 
pH adjustment by sulfuric acid brought 
about good elarification and is more 
economical than chlorinated copperas 
alone. Chlorinated copperas, either 
alone or in conjunction with sulfuric 
acid, removes not only colloidal and 
uon-settleable solids but also some im- 
purities in true solution. 

Hurley and Lester (187) reported on 
the full-scale mechanical flocculation 
of sewage at Coven Heath Works of 
Wolverhampton, England. It was 
found that by using a part of the set- 
tling tank capacity for mechanical floc- 
culation the quality of tank effluent 
was improved by 20 per cent. Mechan- 
ical flocculation of filter effluents is 
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considered desirable on the basis of 
some laboratory experiments. 

Mechanical filtration of trickling fil- 
ter effluents through sand and anthra- 
cite was reported (377). The sand had 
an effective size of 1.3 mm. and a uni- 
formity coefficient of 1.6, whereas the 
anthracite had an effective size of 0.8 
mm. and a uniformity coefficient of 
2.6. Before the loss of load increased 
to 8 ft. the anthracite filter passed 
2,400 gal., and the sand 2,900 gal., of 
effluent per square foot. Continuous 
filtration at the rate of 100 gal. per sq. 
ft. per hr., and back-washings every 
24 hr., irrespective of the loss of load, 
gave unusually high quality effluents, 
but after 5 weeks of operation the 
surface of the filters clogged and the 
loss of load was 30 ft. 

Similar work on the rapid sand fil 
tration of trickling filter effluents is 
reported from South Africa by Vosloo 
(373). The provisional basis of design 
of an actual plant was filtration at the 
rate of 120 gal. per sq. ft. per hr., with 
an expected back-wash water of 5 per 
cent of the total flow. 


Biological Filters 


Control of Filter Flies with Synthetic 
Insecticides 


Control of filter flies continues to 
hold the attention of filter plant opera- 
tors. MeLachlan and Hogg (241) re- 
port that gammexane is the most con- 
venient, effective, and economical treat- 
ment they have experienced. Dosages 
used varied from 0.1 to 0.5 p.p.m. in 
the sewage applied for periods of 6 to 
24 hr.; fly control over the following 
21 days was obtained. Hood (179) 
found that DDT in concentrations of 
12 p.p.m. applied for 2 hr. gave about 
95 per cent control of P. albipunctatus, 
but failed to control P. alternata, even 
in concentration of 34 p.p.m. for 2 hr. 
Benzenehexachloride (BHC) in con- 
centration of 600 p.p.m. was found to 
contro] all flies for a period of 28 days. 
The technique of application involved 
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draining the final tank to leave about 
25,000 gal. of water in it, adding BHC 
to give a concentration of 600 p.p.m., 
and recirculating the mixture through 
the filter for 12 hr. No serious effects 
on filter performance were indicated 

Tomlinson, ef al. (357) reported that 
Psychoda and Anisopus can be effee 
tively controlled by successive applica 
tion of gammexane at the rate of 16 Ib 
per acre In the sewage applied The 
filters were shut off for 24 hr. after 
treatment to increase the effectiveness 
of the insecticide. The insecticide acts 
quickly and the effect lasts for at least 
” weeks. Some effluents contained a 
toxic concentration of gammexane (0.05 
to 0.06 p.p.m.) when the filters were 
started on the day after treatment. 
hese results are also reported in the 
Report of Water Pollution Research 


pad 

A cliscussion of synthetic inseeticides 
for the control of insects is given by 
Davies YS 

Jenkins, Baines, and Hawkes (194 
concluded that gammexane was cheaper 
to control Anisopus at Minworth works 
England) than DDT. ‘The applica 
tion of 10 lb. of emulsified extract of 
gummexane per acre Was effective for 
} to 6 weeks. Hand application was 
slightly better than application to the 
feed liquor 


Performance and Operation 


A study of parallel versus series 
operation was made by Moore, Smith, 
and Ruehhoft (264) on a biofilter plant 
at Elizabethtown, Ky. Their results 
showed increased efficiency with series 
operation and with higher rates of re 
ireulation, Average primary filter ef 
ficiencies were essentially constant at 
) per cent, over B.O.D. loading ranges 
from 2 to 6 lb. per cu. yd. (74 to 220 
lb. per 1,000 cu. ft.). The range in 
efficiency, however, varied from 23.0 
to 63.7 per cent. When operating in 
series, the secondary filter showed an 
average efficiency of 33.0 per cent, with 
a range of 5.6 to 44.9 per cent. With 


parallel operation of filters, plant re 
movals of B.0.D. varied from 71.5 to 
SoD per vent and removals of sus 
pended solids varied from 44.9 to 86.9 
per cent. During series operation, for 
the entire plant, B.O.D. removals 
ranged from 85.2 to 93.5 per cent and 
suspended solids removals varied from 
59.5 to 85.1 per cent. 

Keefer (201) reports on remodeling 
of filters at Baltimore to increase their 
capacity by 40 per cent. New rotary 
distributors have been installed over 
old fixed nozzles. The dual system will 
allow rates of application varying from 
3 to 10 m.g.a.d. Studies on the value 
of recirculation continue in England. 
Oliver (282) discusses the value of 
mixing humus (final) tank effluent 
with settled sewage prior to treatment 
on shallow storm-water filters pressed 
into service because of an emergency. 
Results have been so favorable that ad- 
ditional shallow filters and settling 
tanks to serve them are planned for 
construction 

Further evidence of English interest 
in recirculation is shown in a paper by 
Watson and Twine (379 The au 
thors reaffirmed, on the basis of labora- 
tory experiments, that when a nitrified 
effluent is mixed with settled sewage 
and allowed to stand the dissolved Oxy 
gen disappears first, followed by ni- 
trates. If a sample was reaerated after 
the action had proceeded well into 
the denitrification stage, then instead 
of nitrate and nitrite remaining con- 
stant until the D.O. was once more used 
up, denitrification proceeded at a lower 
rate than before and the nitrate was 
reduced even in the presence of D.O. 

Operation of a small sewage work by 
alternating double filtration and by re 
circulation of filter effluent in England 
is reported by Mills, Weston, and 
Gullan (258 

The work under the direction of Wa 
ter Pollution Researeh (377) with bio 
ogical filtration in England has been 
continued. Alternating double filtra 
tion gave effluents of slightly better 
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quality than single filtration with re- 
cireulation with equal rates of appli- 
eation of sewage of 150 g.p.d. per cu. 
yd. The reconstruction of the Min- 
worth works in Birmingham will be on 
the basis of alternating double filtra 
tion. 

The filtration of sewage containing 
0.25 per cent by volume of spent gas 


liquor deteriorated the quality of the’ 


effluent only slightly, but inereasing 
the concentration to 0.4 per cent caused 
some deterioration. 

Large-scale tests with enclosed ven- 
tilated deep filters (12 to 14 ft.) were 
reported by Dekma and Krige (101) 
from South Africa. Comparisons were 
made with single- versus double-stage 
filtration. The volumetric dosage on 
the double-stage filter was 40 per cent 
higher per unit volume of media (554 
e.p.d. per cu. yd.) than on single-stage 
filters (198 y.p.d. per cu. vd.). The 
double-stage filter removed 31 per cent 
more B.O.D. than the single-stage. 
Similar comparisons were made with 
alternations of the order of filters. 

The results obtained from an experi- 
mental high-rate nitrifying filter treat- 
ing effluent from the activated sludge 
plant at Epsom, England, are given by 
Stanbridge and Allen (336). At a 
loading of 0.38 lb. per cu. yd. per day 
and a volumetric dosing rate of 990 
g.p.d. per cu. yd., 0.19 Ib. of oxidized 
nitrogen was produced per eu. yd. 
per day, giving a 61 per cent oxidation 
of the ammonium nitrogen. 


Tortie Substances 


Pettett and Thomas (292) report 
that cyanide concentrations of 2 p.p.m. 
interfere with nitrification, and ef- 
fluents showed higher B.O.D. values 
when cyanide equalled 4 p.p.m. How- 
ever, at concentrations up to 10 p.p.m., 
98 to 100 per cent of the cyanide was 
destroyed by the filter. With 30 p.p.m. 
of cyanide in the influent, effluent of 
poor quality was obtained for a time, 
but the filter gradually recovered un- 


CRITICAL REVIEW OF LITERATURE OF 1949 


der this loading and gave an effluent of 
acceptable quality. 


Sand Filters 


Grantham, Emerson, and Henry 

147) reported the results of experi- 
ments with biological sand filtration 
of settled sewage to determine the re- 
lationship between loading and degree 
of treatment. The filters were 7.4 ft. 
by 7.4 ft. in flow and contained dif- 
ferent size and depth of sand. It was 
found that removal of suspended solids 
was independent of loading rate and 
temperature, but was somewhat depend- 
ent on sand size and depth of bed. 
Smaller sands and greater depths af- 
forded better removals. The efficiency 
of B.O.D. reduction is affected by the 
fact that the effluents give a relatively 
high B.O.D. because of nitrification. 
The B.O.D. of the effluent is lower with 
small sands, deeper beds, and lower 
loading rates. Higher temperatures 
give lower residual b.0.D. values, espe- 
cially with beds of low depth and larger 
sands. Split dosing gives higher daily 
loading rates than single daily loading 
with equal purification. Under Florida 
conditions, with settled domestic sew- 
age applied in single daily dosage, 
rates up to 125,000 g.p.a.d. may be 
employed on sands of 0.25 mm. ef- 
fective size and up to 150,000 g.p.a.d. 
on sands of 0.3 mm. effective size with- 
out undue surface clogging. 


Activated Sludge 


Using Bareroft and Warburg ma- 
nometers to measure the oxygen re- 
quirements of activated sludge, Daw- 
son and Jenkins (99) found that the 
oxygen taken up by washed activated 
sludge was proportional to the amount 
of sludge present and to the period of 
aeration. The liquor in contact with 
activated sludge has an appreciable 
demand for oxygen, but washing sludge 
twice with water reduced the demand 
to a negligible amount. The optimum 
range for oxygen uptake was between 
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pHi 7 and 8 and the optimum tempera 
ture seemed to be about 28° C. The 
‘xidation-reduction potential followed 
the oxygen uptake curve more closely 
than that for dissolved oxygen, sug 
vesting that above a certain minimum 
oncentration, dissolved oxygen had 
little effect on the rate of oxygen up 
tuke by activated sludge 

Kraus (222) has undertaken to es 
tablish quantitative relationships be 
tween the physical variables of the 
activated sludge process and has de 
veloped equations to show the relation 
ship between the sludge volume index 


and the rates of flow im various parts 


of the process High aerator solids 
are desirable, but difficulties usually 
arise from limited pumping facilities 
for return and waste sludge. The ad 


dition of digester liquor with high 
olids and poorly settling excess ac 
tivated sludge to primary sedimenta 
tion tanks creates the serious problem 
if handling large volumes of sludge 
Boyce (71) stated that sudden bulking 
of activated sludge may result from a 
failure to evaluate properly all factors 
and to provide reserve biological work 
shop facilities to meet the unusual con 
ditions. Ile also suggests that bulking 
is a phenomenon closely related to 
sloughing of biological slime from 
trickling fiiters 

(perating results from 26 plants 
studied by Stanley S38) showed that 
92.5 to 9) per cent removal of B.O.D 


and suspended solids can be expected 
in properly designed plants. Loading 

a major factor in efficiency. Hi 
made limited progress in showing the 


eneral of the effect of eer 
tau factors such as the suspended 
solids concentration in aeration tanks, 
quantities of air, and aeration contact 
periods Kdwards 112 discussed 
loading from the standpoint of sludge 
age and step aeration. Step aeration 
adds great flexibility to the handling 
of heavy organie loads and permits 
overloaded plants to function properly 


again. The determination of sludge 


age permits a rapid analysis of the 
loading. 

More complete information has been 
published by Okun (281) on the labo- 
ratory studies of bio-precipitation us 
ing pure oxygen He observed that, as 
the efficiency of B.O.D. removal is a 
function of the weight of volatile mat- 
ter in the floc and as the use of pure 
oxygen makes possible the maintenance 
of a coneentration of biological floc 
more than twice as great as that possi- 
ble in conventional activated sludge, a 
plant with only one-fourth the capacity 
of the conventional system is required. 
Mohlman (261), in discussing Okun’s 
work, pointed out that the control 
tests using air also gave excellent 
B.O.D. removals with loadings com 
parable to those handled by oxygen 
Although the experiments were con 
ducted in an excellent manner, he be 
lieved that the laboratory scale was 
satisfactory for exploring the chemical 
and biological features of the use of 
oxygen, but that larger-scale studies 
would be required to furnish informa 
tion on the amount of oxygen needed, 
the loading capacities. and other design 
data. 

After a study of the variable effects 
of aeration on the settling of activated 
sludge, Abbott (4) believes that the 
soluble colloidal matter in effluents is 
produced by the friction of the gelati 
nous sludge particles against each other 
or against some solid object in the 
aerator, a condition which probably 
always exists. Activated sludge is un 
der a permanent handicap as com 
pared with biological filtration, and the 
degree of purification is lower with 
activated sludge than with filtration 

MohIman (260) reported that the 
Zigerli process, which depends on the 
addition of shredded asbestos to weight 
the sludge, now requires an average 
dose of only 1 to 3 p.p.m asbestos, 
after an initial dose of 10 to 40 p.p.m. 
This process is said to produce in 1 hr 
an effluent which would require 4 hr 
in an identical parallel aeration tank 
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of standard design. Imhoff (189) 
stated that asbestos is a good contact 
material for bacteria. It has the fur- 
ther advantage that it does net require 
oxygen and is not affected by toxic 
materials. 

To throw more light on the question 
of whether bacteria are more important 
than protozoa as purifying agents in 
the activated sludge process, Heu- 
kelekian and Gurbaxani (168) inacti- 
vated protozoa in sludge by the addi 
tion of methylene blue, silver, and 
chlorine, by freezing, by high speed 
mechanical agitation, and by heating 
the sludge to 50° C. They coneluded 
that protozoa assist in the clarification 
of the effluent, but that bacteria are 
more important as purifying agents. 

Gould (145) believes that pre-sedi- 
mentation is nearly always advisable, 
as more material is removed in this 
way at lower cost than at any other 
stage in treatment. With activated 
sludge in good condition, only a short 
period (30 min.) is required for the floe 
to adsorb most sewage impurities. 
Settleability of activated sludge seems 
to improve directly in proportion to 
the decrease in volatile matter. The 
period during which the solids are re- 
tained under aeration, or the sludge 
age, is an important factor. This age 
must be sufficient to reduce the volatile 
constituents to a point where good 
settlement results. Return of excess 
sludge to the primary settling tanks is 
seldom desirable. Density currents 
should be considered in the design of 
final tanks; overflow weirs should be 
located near the influent end with 
sludge withdrawal at the opposite end. 
At Wards Island, the final tanks have 
been reconstructed to eliminate sludge 
blanketing and the aeration tanks have 
been equipped for step aeration to pro- 
vide for larger flows. 

Oxygen demand curves made with a 
respirometer have been presented by 
Lamb (230) to show that the correct 
aeration period is the time necessary 
to reduce the demand to about one- 
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fourth or one-fifth of the original value. 
The detention period and amount of 
air used per gallon of sewage are pro- 
portional to the strength and composi- 
tion of the sewage. 

The design of the 26th Ward sewage 
treatment plant in Brooklyn has been 
deseribed by Steffensen (339). The 
two aeration tanks will be 30 ft. wide 
and provide 3.33 hr. aeration for the 
average flow plus 25 per cent return 
sludge. Air will be supplied through 
fixed porcus tubes at 4 ¢.f.m. per tube, 
equivalent to 0.5 eu. ft. per gal. for 
60 m.g.d. The tanks are equipped for 
step aeration and sewage may enter the 
first, second, and third passes. The 
8 final tanks are designed for an over. 
flow rate of 1,000 gpd. per sq. ft. 
Sludge will be scraped in the direction 
of the incoming sewage with the path 
of the return flights at mid-depth. 
The effluent will be removed over side 
weirs near the end of the tank. The 
Philadelphia Northeast plant (54), 
which will employ high-rate activated 
sludge with 2.5 hr. aeration and 0.3 eu. 
ft. of air per gallon of sewage, will go 
into operation about the middle of 
1950. 

According to Edwards, Carpenter, 
and Margolies (113), the discharge of 
a moderate amount of scavenger waste 
with the characteristics of well- 
digested sludge had little effect on the 
operation of the Jamaica (New York 
City) high-rate activated sludge plant. 

Large amounts of grease appeared 
on the mechanical aerators at the Uni 
versity of Miami plant (355) during 
the night, but disappeared during the 
day. More frequent grease removal 
did not help, but additions of activated 
carbon remedied the condition quickly. 

At Hagerstown, Md. (96), the excess 
sludge wasted to the primary tanks 
increased the suspended solids in the 
primary effluent to a value higher than 
in the raw sewage. The sludge built 
up in the aeration system and could 
not be wasted fast enough. To improve 
operation, the primary settling tank 
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capacity was doubled to give a 2-hr. de 


tention period and a new blower was 
installed to allow 1 eu, ft. of air per 
vallon of sewage 

The activated sludge plant at Ann 
Arbor, Mich S91), has become over 


oaded 


and difficulties have been ae 
centuated by the wasting of excess 
activated sludge to the raw sewage 
With the detention period in the pri- 
mary settling tank reduced to 30 to 40 
min., the suspended solids in the pri 
mary effluent have increased consider 
ably, throwing an inereased load on the 
aeration system 

Mohiman (260) proposed that the 
recorded aeration period be based on 
the volume of raw sewage treated, not 
neluding the return sludge, and this 
be called the ‘‘effeetive aeration pe 
riod.’’ The use of large volumes of re 
turn sludge may amount to recircula 
tion, thus giving unfair advantage to 
short aeration periods caleulated with 
high rates of return. The use of ef 
fective aeration periods would put all 
plants on a more comparable basis. 

Spalling by an oxy-acetylene blow 
pipe with a 12-in. flame cleaning head 
was used at the Wards Island and 
Bowery Bay plants in New York City 
to remove surface clogging of diffuser 
plates 39 

The operating experience of the West 
Middlesex Main Drainage Works (Mog 
den, England) during the past 11 
years is discussed in a comprehensive 
report by Townend and Lockett (358 
No bulking of activated sludge was en 
ountered at any time 

Finch and Wright (125) reported 
the results of some laboratory work on 
the floceulation of sewage colloids by 
activated sludge By the addition of 
sto & per cent of activated sludge he 
obtained a 33 per cent removal of im 
purities in 30 min. For unit of time, 
increased reduction of load is propor 
tional to the concentration of sludge 
in the mixture An economic biofloe- 
culation plant should have a capacity 
1 


of about hr., should use sludge con 


ventrations of the order of 3 to 7 per 
‘ent, and should be supplied with fresh, 
well-aerated activated sludge. 

Hill (172) coneluded on the basis of 
laboratory experiments that nickel 
salts exert a toxic effect on activated 
sludge either by adsorptive interfer 
ence and/or actual poisoning of certain 
essential microorganisms in the sludge. 
Concentrations of 1 to 3 p.p.m. of 
niekel definitely inhibit nitrification, 
but do not affect clarification. 

Nolte and Bandt (277), using a sub- 
strate of calcium butyrate supple- 
mented with N and P, found that pro- 
tozoa were initially affected by 5 p.p.m. 
KCN, from which they soon recovered. 
Bacteria multiplied vigorously. With 
62 p.p.m. KCN the effluent was free of 
eyanide and butyrie acid. At higher 
cyanide concentrations cyanide ap- 
peared in the effluent and at 80 p.p.m 
KON all life was destroyed down to the 
bacteria. Up to 330 p.p.m. KCN the 
activated sludge was normally re- 
plenished and butyrie acid was decom 
posed. Previously reported difficulties 
in the biological treatment of cyanide- 
containing wastes must, therefore, be 
due primarily to the simultaneous 
presence of toxic heavy metals and less 
to the ey anides 

The use of contact aeration for a 
small community (16,000 g-p.d. flow) is 
described by Simpson (325). Treat- 
ing sewage over design capacity, 90 
per cent reduction of B.O.D., with an 
effluent of 10 p.p.m. B.O.D., is ob- 
tained. 

Imhoff (190) has reviewed activated 
sludge practice in the United States 
for the vears 1941 to 1947, inelusive 


Chlorination 


The applications of chlorination, as 
an integral part of processes for the 
treatment of domestic sewage and in 
dustrial wastes, are constantly increas- 
ing. These uses are of utmost impor- 
tance in the protection of public health 
and in the abatement of stream pollu- 
tion. There is a real need for intensi- 
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fying researches into the chemistry 
and biology of chlorination practices ; 
studies recently reported do not meet 
this need, either in number or variety. 

Griffin (150) has reviewed applica- 
tions of chlorine in sewage treatment, 
discussing these uses from the view- 
point of maximum efficiency. 

In considering the effects of sewage 
quality and composition on plant op- 
eration, Killam (205) recommends pre- 
chlorination at up-sewer locations to 
prevent or minimize septicity. He 
cites an instance in which the chlorine 
demand of sewage was increased from 
12 p.p.m. up to 30 p.p.m. by detention 
in an old pump well in the sewer sys- 
tem. This inerease would raise the 
cost of chlorination over $3,000 per 
year for each m.g.d. of sewage flow. 

Recommendations for the safe han- 
dling of chlorine are provided in a 
paper by Henderson (162), which out- 
lines proper maintenance provisions. 
Four chlorine accidents at water treat- 
ment plants are described in this paper, 
all the result of carelessness or ignor- 
ance, and none due to the failure of 
chlorine containers. One chlorine ac 
cident at a sewage treatment plant has 
been due to the failure of a chlorine 
cylinder, as reported by Hood (181). 
The rupture of this cylinder appeared 
to be caused by internal corrosion. 
The author makes constructive recom- 
mendations for the prevention of such 
accidents. The yearly overhaul and 
inspection of all chlorine equipment is 
discussed by Pollex (293) as necessary 
preventive maintenance to insure un- 
interrupted operation. 


Research in Chlorination 


Effective bacterial reduction, control 
of hydrogen sulfide production, and 
other sewage improvements may be ac- 
complished by applying chlorine in 
amounts less than those required to 
produce a residual by the ortho- 
tolidine test. Stradskov, Marks, and 
Horechler (345) have presented a 
method for measuring these low resid- 
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uals. Their method involves addition 
of an excess of phenylarseneoxide, po- 
tassium iodide, and hydrochloric acid, 
and the back-titration of the unreacted 
oxide with standard iodine solution. 
The endpoint is best determined am- 
perometrically. 

Wrykoff (394) has reported the re- 
sults of research to determine the rate 
of bacterial (coliform) kill in the plant- 
seale chlorination of raw sewage. He 
studied contact periods of 1, 5, 15, 30, 
and 60 min., employing residuals of 
0.05 to 6.0 p.p.m. When the initial 
chlorine residual was greater than 0.05 
p-p.m., the medial bacterial kill after 
1 min. of chlorine contact was 80 per 
cent or greater. After 5 min. of chlo- 
rine contact, the bacterial kill reached 
a median of over 99 per cent in all 
chlorine residual ranges tested. 

Eliassen, Heller, and Kiseh (117) 
have reviewed the biochemical reac- 
tions responsible for the production of 
sulfides in sewage. They report that 
the initial production ean be inhibited 
by applying 1 p.p.m. of emulsified 
ortho-dichlorobenzene (Cloroben). The 
treatment reduces sulfide production 
by about 75 per cent for 18 hr. at 
37° C., and thus might be used to keep 
sewage in a relatively fresh state dur- 
ing its passage through a sewer sys- 
tem. <A pertinent discussion of the 
nature and growth of sewer slimes has 
been published by Beardsley (55). 
The suppression of such slimes is de- 
sirable, he points out, because they are 
implicated in the rapid production of 
sulfides; the sulfides exert a high chlo- 
rine demand, each part of sulfides re 
quiring the application of 15 or more 
parts of chlorine to the sewage. He 
has found surface treatment of a 
cleaned sewer with Cloroben to inhibit 
slime formation for one year. 

Experimental work conducted by 
Water Pollution Research (377) with 
chlorination of effluent on the destrue- 
tion and after-growths of bacteria 
showed that with addition of chlorine 
lower than the demand the bacterial 
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kill de pends on the percentage of chlo- 
rine demand satisfied, as well as on the 
With 


small residuals 96 to 99 per cent reduc 


concentration of chlorine added 

min, con 
increasing contact 
increased After 
the bacterial numbers in 


tions were obtained with 15 
With 


the kills 


tact time 
reaching 


a minimum 


ereased again with increasing time 
and exeeeded the original numbers. 


Increasing the initial concentration of 
chlorine prolonged the period required 
the level of 


ial numbers 


to regain original bac 
ter 
Incorporation of a small volume of 
vas liquor in peptone water containing 
a mixed culture of bacteria resulted in 
a greater destruction of bacteria and 
prolongation of the time before after 
rrowths occurred, Cyanogen chloride, 


in contrast with ehlorine, had a less 
pronounced effeet on bacterial num 
bers, but had a longer period of in 
hibitory effect 


suppression of 


There was also a longer 
period of the after 


crowths. 


tpplications of Chlorination 
During 1949, 13 plants were in op 


eration to treat 447 m.g.d. 41 per 


cent) of the New York City sewage flow 
Chlorination js employed in 8 of the 
plants (398 Construction of a new 


plant employing the activated sludge 
Process IS underway to replace the old 


treatment plant at the 26th 
339 Chlorination 


primary 
Ward 
will be employed for disinfection and 


location 
for sludge thickening operations 

Chlorination is now required at all 
new sewage treatment plants in Con 
necticut, 
fish eultivation are not directly con 
cerned (244 In Rhode the 
proposed Blackstone Valley treatment 


even though bathing or shell 
Island, 
works is to serve a municipal area of 

Six treatment plants are 
sewage and industrial waste 
treatment and 
the Nut Island 
construction to treat sew 
‘ity of Boston, primary 


to handle 


employing primary 


chlorination (83 In 
under 


the 


plant, 


ave trom 
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treatment and chlorination will be 
provided (60 Capacity for feeding 
chlorine will be 3 tons per day, and the 
long outfall sewer will be utilized for 
contact time 

The large central sewage treatment 
plant (250 m.g.d.) planned for the 
Allegheny County (Pa.) Sanitary Au- 
thority will employ preaeration, sedi- 
mentation, and chlorination (225). 
Chlorine will be of the 
factors determining charges for indus- 
trial prechlo- 
rination and postchlorination are in- 
cluded in the primary treatment pro)- 
ect planned for the city of Harrisburg, 
Pa. (290 

Three primary treatment plants uti- 
lizing both prechlorination and post- 
chlorination protect and 
beaches in the Hampton Roads, Va., 


demand one 


waste treatment. 


fisheries 
area (70) 


Chlorination for Disinfection 


Primary treatment and chlorination, 
throughout the year, provide the de- 
eree of treatment required at the De- 
troit sewage plant. where the daily flow 
8346 med 38 To satisfy 
66 per cent of the chlorine demand, in 
1947, 


of chlorine; 


averages 
required 1.4 p.p-m. 2 342 tons 
the 
complished was 79.68 per cent. 


coliform removal ac 

In the same year, primary treatment 
and the 
Cleveland Westerly sewage plant (52 
Pre- 
chlorination was employed for 87 days 
at an average $.71-p.p.m ap 
plication, and postehlorination for 70 
An average 


chlorination were used at 


where the flow averages 33 m.g.d. 
rate of 


days at a 6,10-p.p.m. rate 
residual of 2.12 p.p.m. was maintained 
n the final effluent. At the Cleveland 
Easterly plant, postchlorination fol 
lows activated sludge treatment (136) 
and was employed for 91 days during 
A chlorine resid- 
0.7 was maintained by 
chlorination at a 44-p.p.m, rate of 
application. The total bacterial redue- 
tion accomplished was 99.35 per cent, 


the bathing season 


ual of p.p.m 
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and the reduction in presumptive B. 
coli was 99.89 per cent. 

Effective prechlorination for odor 
control is essential at the Fort Wayne, 
Ind., activated sludge treatment plant 
(183). Chlorination is in two stages: 
part is added to the main interceptor 
at a station about 1 hr. ahead of the 
plant, the remainder at the plant 
proper. <A program chlorinator is em- 
ployed at the up-sewer location and an 
automatic chlorinator at the plant, the 
function of the latter being to maintain 
about 70 per cent satisfaction of the 
chlorine demand. About 90 tons of 
chlorine are applied during the sum- 
mer season. The treatment accom- 
plishes control of odors and has no 
deleterious effect on the activated 
sludge process. 

Postchlorination is required for 5 
summer months each vear at the Balti- 
more, Md., sewage plant to reduce the 
bacterial load on the receiving stream 
(200). The major flow of sewage is 
treated on trickling filters and the re- 
mainder in activated sludge units. The 
mixed effluents are chlorinated to main- 
tain a residual of about 0.5 p.p.m. after 
10-min. contact. 

An activated sludge treatment plant 
at Clewiston, Fla., is to utilize auto- 
matic chlorination (288). The con- 
trol is to be accomplished by the head 
over a discharge weir in the end of the 
chlorine contact unit. Automatie post- 
chlorination is also provided in a new 
plant at Ingersoll, Ont. (13). This 
plant includes prechlorination facili- 
ties for odor control and return sludge 
chlorination for bulking control. 

Capacity for feeding 18 tons of chlo- 
rine per day is provided for the new 
Hyperion activated sludge treatment 
plant under construction at Los An- 
geles (34). An application rate of 10 
p.p.m. is contemplated in prechlorina- 
tion for odor control 4 months each 
year, and a postchlorination rate of 
3 p.p.m. for disinfection 6 months each 
year. 

General discussions of the theory on 
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which the use of return activated 
sludge chlorination (36) and sludge 
thickening chlorination (35) is based 
have been published. The first use is 
considered effective when bulking is 
due to fungus growths which can be 
controlled without destroying beneficial 
plankton. The second use depends on 
the inhibition of gas-forming organisms 
in order to reduce convection currents 
in thickening units. 


Chlorination for Industrial Waste 
Treatment 


The chlorine method for treating in- 
dustrial wastes which contain cvanides 
is being widely adopted as the pre- 
ferred method (164). This method re- 
quires the application of sufficient chlo- 
rine to maintain a residual of free 
available chlorine after 30 min. of con- 
tact, and the maintenance of a mini- 
mum pli value of 8.5 throughout the 
contact period. 

Cyanide wastes are treated by this 
method at the Western Electric Co 
plant, Allentown, Pa., using chlorine 
and caustic soda (138). At the Talon. 
Ine., plant, Meadville, Pa., chlorine and 
lime are used (33). At the National 
Carbon Co. plant, St. Albans, Vt., chlo 
rine and caustic soda are used (385). 
At the General Motors Corp. plant, 
Sandusky, Ohio, provision has been 
made to use this method when such 
wastes are present (366). It is re- 
ported that one chemical manufacturer 
is now operating 5 chlorine oxidation 
plants (3 employing acid treatment 
and 2 alkaline treatment) for the elimi- 
nation of odorous and toxie compounds 
from wastes (296). 

A method developed by British inves 
tigators is applicable to the destrue- 
tion of simple eyanides and complex 
eyanides of zinc, cadmium, and copper; 
but not to solutions containing nickel. 
Eden, Hampson, and Wheatland (110) 
have reported this application ; caleium 
hypochlorite is employed at pH 11, 
the reaction produces cyanogen chlo- 
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ride, and the CNC] hydrolyzes without 
further absorption of chlorine. 
The toxicity of chlorinated sewage ef 
fluents which contain gas works liquors 
is discussed in the 1947 report of the 
British Water Pollution Research 
Board (28 (‘yanogen chloride is 
formed when these sewages are chlo 
rinated for disinfection; a minimum 
concentration of 0.08 p.p.m. of eyano 
ven chloride is toxie to rainbow trout 
Allen, Blezard, and Wheatland (11 
have shown the cyanogen chloride to be 
produced through the reaction of chlo 
rine on thiocyanates contained in the 
vas works liquors They report this 
reaction to oceur when ehlorine is ap 
plied in an amount less than that re 
quired to produce a residual in the 
ortho-tolidine test. Increasing amounts 
of applied chlorine show an increasing 
straight line relationship with toxicity 
The addition of excess chlorine (pre 
sumably an amount required to pro 
duee a residual in the ortho-tolidine 
test) causes a marked loss of evanogen 
chloride 
Among research projects initiated by 
the Sanitary Water Board of Pennsyl 
vania is one to develop methods for 
treating wastes from small slaughter 
houses (257 A small meat packing 
waste treatment plant in Texas is de 
scribed by Huppert (186) to employ 
coagulation with sulfuric aeid and 
alum, and to apply chlorine dioxide for 
control of odors as well as for effluent 
disinfection The chlorine dioxide is 
produced from calcium hypochlorite 
and sodium chlorite Operating costs 
are given as about 26¢ per 1,000 gal 
treated 
The chlorine demand of industria! 
wastes is one of the factors involved i 
the determination of rate charges when 
such wastes are treated in a municipal 
plant employing chlorination. Symons 
349) reports the chlorine demand fa: 
or to be ineluded in the rates of But 
falo, N. Y., and New Brunswick, N. J 
and in the Wright formula, the Califor 


nia formula i! d the Al egheny { ounty 
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formula. Riddick (302) has suggested 
broad rules and regulations to cover 
the discharge of trade wastes into the 
Westchester County, N. Y., sewer sys- 
tem. Among these is the requirement 
that ‘‘ All effluents from hospitals shall 
be chlorinated so as to maintain a free 
chlorine residual (after 30-min. econ 
tact) of at least 10 p.p.m.”’ Activated 
sludge plant effluent is sold by the city 
of Big Springs, Tex., to a petroleum 
refinery. Whitney (384) states the 
contract provides that the city shall 
chlorinate the effluent to maintain a 
chlorine residual of not less than 0.05 
p.p.m. after a 15-min. contact period. 


Chlorine Products for Ne wage Treat 


ment 


Odor correction is especially impor- 
tant at the Phoenix, Ariz., plant in 
order to prevent nuisance (14). Fer- 
rous chloride (produced from = serap 
iron and chlorine’) is applied at up 
sewer points, and ferrous sulfate is ap- 
plied at the sewage treatment plant. 

Preliminary tests of up-sewer appli 
cation of Cloroben showed promising 
results in the Oklahoma City sewer sys 
tem (15). Treatment of raw sewage at 
the Springfield, Mo., plant by Cloroben 
indicated this treatment could control 
odors where sewage was exposed at the 
bar sereen, but that no effective odor 
reduction was accomplished where the 
principal liberation of odors occurred 
at the trickling filters and sludge dry- 


ing beds 2 
Promising results were obtained by 
Tims (356) in the use of activated ecar- 
bon for pretreatment of septic sewage 
it the Kev West, Fla., plant. Plant 
scale studies showed reductions in 
odors, septicity, and chlorine demand 
ould be accomplished by this means 


Sludge Digestion 
(‘onstruction 


Vaseen 370 describes a type of 
Imhoff tank which is divided longitu 


dinally into two separate sludge col 


4] 
4 
+ 
: 
* 
2 
ington 


Vol. 22, No. & 


lecting chambers. The division wall is 
located beneath a longitudinal slot 
gate, which can be switched readily by 
the operator, thus diverting sludge to 
either side of the division wall. Sev- 
eral of these devices have been in- 
stalled. The author claims better sludge 
digestion and gas production with sav- 
ings in digestion space and sand-bed 
area. 

The world’s largest installation of 
separate sludge digestion tanks is in 
the Hyperion plant serving the City 
of Los Angeles (24). This installa- 
tion comprises 18 primary and _ sec- 
ondary sludge digestion tanks, each 
having an inside diameter of about 111 
ft. The total sludge capacity of all 
tanks is about 6,000,000 eu. ft. (45,- 
700,000 gal.). The tanks are of pre- 
stressed concrete with reinforced con- 
erete domes. The walls are wrapped 
with wire stressed to 130,000 to 150,- 
000 p.s.i. and then coated with gunite. 
The conerete walls inside the wire 
wrapping are 20% in. thick—nearly 
three times the thickness required for 
strength—for easier construction and 
more effective heat insulation. 

What the lack of proper digester 
construction means to a plant operator 
is outlined by Lacy (229). At Lock- 
port, N. Y., the plant site rests on clay 
and no piling was provided in the foun- 
dations. The tank walls settled and the 
floors buckled, resulting in damage to 
sludge-collecting and scum-breaking 
mechanisms, as well as to piping. 


Heating 


This subject was briefly summarized 
by Greene (148). He first analyzes the 
heat requirements and then lists the 
several heating which have 
been used. In referring to the use of 
the ejector type of heater and sludge 
circulator, the author overlooked the 
successful use of this device in Denver. 
Cohn (92) condenses and analyzes the 
‘‘Round Table’’ discussions of sludge 
heating and circulation that were re- 
viewed previously. Baffa (49) 


systems 


sets 


CRITICAL REVIEW OF 


LITERATURE OF 1949 oll 
forth a description of the best-known 
types of external heat exchangers and 
deals with the fundamentals of the 
theory and practical use of hot-water 
heat exchangers 


Operation 


Haseltine (158) diseusses preparing 
sludge for digestion and digestion prac- 
tice itself. These articles contain a 
wide range of useful information for 
operators, including sludge thickening 
prior to digestion, the reasons for di- 
gestion, its biochemistry, its nature, 
and its chemical and mechanical con- 


trol. In dealing with temperature con- 
trol, the author shows the various 


methods used and his preference for 
external heat exchangers. The method 
advocated for determining the alka- 
linity of digester supernatant is neither 
as simple nor as rapid and accurate 
as that used by McNamee. 

In the name of the representatives 
of the Connecticut State Department 
of Health and numerous sewage treat- 
ment plant operators of that State, 
Giles (137) handles the question of 
liming sludge digesters very neatly. 
He shows what poor liming practice is 
and enumerates the conditions that per- 
mit good digester operation without 
and with proper liming. 


Scum 


The problems of scum formation and 
its control are highly important and 
the solution of these problems is closely 
related to the successful operation of 
basic sewaye treatment processes (305). 
A condensation and analysis of this 
subject is given by Cohn (93), 

Rudolfs and (308) list the 
stages through which scum formation 
passes and summarize the results of in 
vestigations made on some factors in- 
fluencing the digestion of seum, They 
show that lighter materials separate 
from digesting sludge, float, and grad- 
ually compact, resulting in dehydra- 
tion of the scum layer, which in turn 
retards digestion. Mixing devices and 
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certain chemicals aid in wetting and 
softening the scum, which in turn aids 


in its digestion. 


Cleaning Dige sfers 


Different reasons exist for cleaning 


ligestion tanks and scum formation 
plays a rol Hoot (182 briefly notes 
the beneficial effects on heat transfer 
after cleaning the digesters and de 
aling the heating coils in the Ft 

Wayne, Ind., sewage treatment plant 
At Marion, Ind., Backmeyer 17 
shows it wasn’t so much the question 
of heat loss through scaling, as loss of 
ligester capacity through compacted 
solids deposits, some of which came 
from the seum The immovable de 
posits left in the primary digester 
after draining the tank contents were 
of two types a) a thick layer of 
fibrous trash that had been top-scum 
and (b) a heavy floor deposit of grit 
that had settled from the fluid portior 
left 


n the secondary digester after com 


of the tank contents The deposit 
I 


plete draining was an immovable jelly 
like mass containing almost 22 per cent 
solids with a volatile content of about 
10) per cent This deposit evidently de 
eloped 5 or 6 years previously when 
the seeondary digester was used for 
oneentrating the digested solids lea, 
ry digester, by elutriatio 


i 
} 
i 


ary digester 


(ja Ltilization 


Four important phases of the sub 
ct Of using gas engines In seware 
treatment plants are presented and 
liscussed by Hundley (185); namely 
high temperature cooling, torsional vi 
bration, safety ontrols, and super 
harg@ing l'nder these headings the 
various methods of obtaining the best 


performances with a minimum of shock 


n the equipment are logi 


In his article on the electrification 
of sewaue reatment processes, Gre iff 


149) also deals with this subject. Tl 


lists the requisites for the economy of 


using gas engines for producing power 
and supplying the energy requirements 
in sewage treatment. He shows that 
because of its high economie yield the 
popularity of the dual-fuel engine is 
vrowing 

Crooks 97 briefly describes this 
type of engine, the need for it, its de 
velopment, present status, and advan 
tages for sewage treatment plants 
Four excellent coordinate graphs show 
the comparative savings resulting from 
its use. 

Scott and MacGillivray (321) relate 
why an average of 183,000 cu. ft. of 
635-B.t.u. gas is wasted daily at Win 
nipeg. The Hydroelectric Department 
of the city itself supplies the Greater 
Winnipeg Sanitary District power at 
the rate of 0.625¢ per kw.-hr. During 
a 3-week period in the spring the sew 
age becomes so dilute that barely 
enough gas is produced for normal 
plant heating purposes This faetor 
places the balance in favor of the 
present arrangement for power. This 
appears to be an argument in favor 
of using dual-fuel engines such 
plants llowever, the latest proposed 
use of the waste gas at Winnipeg is in 
the firing ovens of a new ceramic manu 
facturing plant located near the sew 
age treatment plant 


Industrial aste 


In continuation of their thorough 
yoing and informative summary of 
aboratory and pilot plant studies in 
volving the aerobic treatment and an 
aerobic digestion of compressed yeast 
plant wastes, Rudolfs and Trubnick 

10 311 313 314) show that 
such wastes are readily amenable to a 
onsiderable degree of purification by 
such combined treatment. The B.O.D 
reduction by proper 24-hr. digestion 
is as high as 60 to 70 per cent. Their 
report on 5 years of investigations with 
a pilot plant two-stage digester of 28, 
OO0-eal capacity shows a high degree 
of correlation between results obtained 
in the laboratory and this plant. In 
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their laboratory report, the authors 
conclude that the degree of purification 
of such wastes is high enough to war- 
rant large-scale operation; in their re- 
ports on pilot plant digestion they pre- 
sent valuable information on quantities 
of sludge required for efficient digester 
operation, volume of sludge produced, 
other data sufficient for planning full- 
scale treatment, and a treatise on the 
application of the basie principles dis- 
closed by their investigations. 

The treatment of wool scouring 
wastes has been discussed to some ex- 
tent in the 1949 literature dealing with 
industrial waste. However, in listing 
the various treatment methods not 
much attention has been devoted to 
digesting such wastes. Singleton (327) 
lists the results of pilot plant investi- 
gations involving two-stage digestion 
of such wastes in experimental diges- 
ters of 500-gal. capacity. In spite of 
handicaps encountered, the results ob- 
tained indicate that anaerobic diges- 
tion of such wastes presents a possible 
practicable method of dealing with 
them 

In listing the results of laboratory 
experiments on the digestion of straw- 
board waste, Gehm and Morgan (135) 
deseribe a continuous system proposed 
for plant-scale anaerobic digestion of 
such material. It consists of three sue- 
cessive compartments operating in se- 
ries and placed along a common me- 
chanically operated stirring device. 
Trubnick (361) discusses the principles 
involved in the device, digestion in 
general, and the improvement gained 
by agitation. Except for the mechani- 
eal agitator employed, the principles 
involved in the series operation, con- 
tinuous seeding, and recirculation of 
seed, the device is somewhat similar to 
the well-known, high-rate, multiple- 
stage digester of Rawn, Banta, and 
Pomeroy. 

Digesters will evidently stand a 
heavy shock load of condensed milk 
with no noticeable ill effects. Back- 
meyer (48) gives a good example of 
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this in relating what happened when 
11,000 gal. of condensed milk was 
dumped during a 24-hr. period into 
the ground garbage being fed to the 
digesters at the Marion, Ind., treat- 
ment plant. The resulting gas produe- 
tion was rapid and spectacular. 


Theory and Mechanism 


Buswell and Sollo (335) had pre- 
viously made the observation, by the 
use of tracer experiments with C™, that 
in methane fermentation, when acetate 
is decomposed in the presence of la- 
beled CO,, relatively little of the iso- 
tope is recovered in the resulting meth- 
ane, and had concluded on this basis 
that methane is produced mainly from 
acetic acid and only slightly from CQ,,. 
Stadtman and Barker (335), using 
C™-labeled CO, and acetic acid, have 
shown that methane is derived mainly 
from the methyl group, whereas the 
CO, is derived from the carboxy] 
group. <A little CO, is converted to 
methane. The methane formed in the 
fermentation of methyl alcohol, how- 
ever, is derived from CQO, and not from 
aleohol or acetic acid. 


Sludge Disposal and Utilization 
Vacuum Filters 


The Minneapolis-St. Paul Sanitary 
District has been a pioneer on studies of 
vacuum filter cloth washing. Com- 
ments by Superintendent Mick (254) 
in the 15th Annual Report on plant 
operation show that it is now consid- 
ered most economical to wash the filter 
cloth at hourly intervals, instead of 
continuously as originally conterm- 
plated. Continuous washing of the 
cloth during filtering operations has 
caused cloth blinding sooner and ex- 
cessive wear of the cloths. 


Jepson and Greene (195) presented 
the results of extensive semi-scale ex- 
periments on the dewatering of acti- 
vated sludge by coagulation with chlo- 
rinated copperas and vacuum filtra- 
tion. They obtained a cake of 83.5 to 
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39.8 per cent moisture content. The 
output of the cake averaged 0.74 Ib 
dry solids per sq. ft. per hour with an 
average dosage of chlorinated copperas 
of 19.1 per cent. Aeration of the ae 
tivated sludge prior to filtration had 
little effect on the output, but reduced 
the amount of chemical required. The 
filtration of elutriated digested sludge 
produced a cake with a moisture con 
tent of 72 to 75.9 per cent. An output 
of 1.35 to 1.72 lb. dry solids per sq. ft 
per hour was obtained with an average 
copperas dosage of 13 per cent. More 
chlorinated copperas is required than 
ferrie chloride to produce the same re 
sults with a lower filtration rate, but 
it is cheaper than ferrie chloride. 

Jepson and Klein (196) also inves 
tigated the heat treatment of sludges 
at high pressures to condition the 
sludge prior to filtration to obtain a 
sludge with a higher pereentage of 
solids. The solids content of the heat 
treated sludge depends largely on the 
solids content of the original sludge, 
but also on steam pressure applied and 
the time of application. The heat 
treated sludge settles readily The 
separated liquor is foul and may con 
tain up to 35 per cent of the original 
solids and up to 59 per cent of the 
original nitrogen content. The densi 
fied sludge filters very readily and can 
be dewatered readily on sand beds or 
by mechanical means. 

Sludge drying with  roto-louvre 
dryer is discussed by Goldstein (139 


Ineineration 


The incineration of liquid raw sludge 
at Ashland, Ohio, was reported by 
Laboon (226 Two sludge storage 
tanks are used to concentrate raw 
sludge from a population of 15,000 
The sludge was concentrated to 85 per 
cent moisture and had a volatile matter 
content averaging 75 per cent. The 
presence of 5.5 per cent iron in the 
furnace slag is believed an indicator 
of aid in the sludge’s concentration 
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To consume the sludge, 3 gas burners 
using 1,100-B.t.u. per cu. ft. natu- 
ral gas were employed. Incinerating 
troubles have included shear pin fail- 
ures and iron slag in the furnace. The 
author coneludes that the cost picture 
is favorable and that no highly techni- 
cal skill is needed. However, improve- 
ments are cited as possible and better 
oder control is needed. It is to be 
noted that the sludge concentration is 
unusually high, that a high B.t.u. gas is 
employed, and that mechanical troubles 
have been encountered. 


Utilization and Recovery 


Houston, Tex. (362), is joining the 
cities which produce dried sludge for 
fertilizer. In 1950 it is planned to 
complete a sludge dewatering and dry- 
ing plant at the North Side plant at a 
cost of $1,394,000. Raw primary and 
excess activated sludge from two plants 

one of which is the North Side plant) 

will be vacuum filtered with ferric 
sulfate, and heat dried. The estimated 
average daily flow from these plants 
in 1970 will be 68 m.g. and the con- 
nected population 776,000. Peak sludge 
loads in excess of 61 dry tons per day 
will be lagooned. The anticipated reve- 
nue is $268,000 per year, based on the 
sale of 21,000 tons of fertilizer vearly 
at an average bulk sale of $12.25 per 
ton. The city has been selling sludge 
fertilizer at $17.25 per ton, but a more 
conservative figure has been used for 
estimates, inasmuch as there is no com- 
plete assurance that this latter price 
will prevail. The existence of a stable 
market for sludge fertilizer within a 
reasonable distance from Houston re- 
sulted in the adoption of this method 
of sludge disposal over 11 other meth- 
ods considered. 

Under the United Nations Relief 
and Rehabilitation Administration, a 
demonstration night soil fertilizer 
plant was built at Shaoyang, China 

344). Night soil is a major source of 
organic fertilizer in China, but because 
of local practices, pollution of food and 
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water occurs, as well as a loss of nearly 
half the original nitrogen. The plant 
was designed to handle 30 tons of or- 
ganic matter daily from a tributary 
population of 85,000. The organic 
matter used included human excre- 
ment, garbage, straw, bone meal, and 
wastes from industry. 

The papers presented at a conference 
on the utilization of sewage sludges in 
South Africa are published by the In- 
stitute of Sewage Purification. Ab- 
hott (1) diseussed the problem from 
the standpoint of origin and methods 
of disposal. Krige (223) made a plea 
for the agricultural utilization of 
sludge and emphasized the importance 
of composting after digestion and de- 
watering. Other papers dealt with the 
health aspects of utilization of sludge, 
which are presented in another section 
of this review. 

A scheme of application of wet di- 
gested sludge to fields sown to hay and 
the utilization of the digester gas for 
artificial drying of the hay is to be put 
in practice in Blackburn, England, as 
described by Leigh (233). 

In France, according to Dufournet 
(106), a commission came to the con 
elusion that no rapid progress could 
be made in sewage treatment unless 
certain by-products were recovered, 
particularly effluent for irrigation, 
sludge for fertilizer, and gas for mn- 
nicipal use. 

Recovery, processing, and marketing 
of by-products in Bradford, England, 
is diseussed by Hillier (173), The 
sewage contains large quantities of 
wool scouring wastes producing a sew 
age with 1,200 p.p.m. suspended solids 
and 640 p.p.m. of grease, which is pro- 
cessed and recovered. 

Van Vuren (369), in a recently pub- 
lished book, advocates composting of 
wastes for the manufacture of organic 
soil food. The success of this scheme 
in South Africa is described. The em- 
phasis is on hygienic and economic 
methods of production. 
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Detergents 


Knox, ef al. (215) have shown that 
several cationic detergents kill F. coll. 
The detergents kill or inhibit in pro- 
portion to the detergent-bacterial ratio 
and not according to detergent concen- 
tration. Certain enzymes of E. coli can 
be inhibited by detergent-protein ratios 
which are bactericidal for the intact 
cells. The specific inhibition of such 
detergent-sensitive enzymes can ac- 
count for the metabolic inhibition, 
death, and increased permeability of 
bacteria. 

In a symposium held in England, 
the problems arising in sewage disposal 
plants from the increased use of deter 
gents were discussed (350). Hillier 
and Campbell discussed the nature of 
synthetic detergents, pointing out that 
they have certain advantages over 
soaps in the scouring of textiles and 
wool. Lumb and Barnes stated that 
substantial usage of the synthetie de- 
tergents will result in considerable dif 
ficulty in plants treating domestic sew- 
age. The detergents will not react 
with the emulsified impurities and pre- 
cipitate them as is the case with soaps ; 
as a result the impurities will pass io 
the secondary treatment units, inereas 
ing the load and the quantity of see- 
ondary sludge, whereas the grease con- 
tent of the primary sludge will be 
lower, with consequent lower yields of 
gas. Sewage containing wool scouring 
wastes with the use of detergent, when 
cracked with sulfuric acid, gave low 
percentages of purification and hence 
more emulsified liquors are being dis 
charged on the filters, according to 
Hlillier and Beedham. Goldthorpe and 
Nixon reported that the addition of 
25 p.p.m. Teepol X to sewage reduced 
the amount of sludge formed by pre- 
cipitation with sulfurie acid by 12 per 
cent, 50 p.p.n. by 32 per cent, and 200 
p.p.m. by 98 per cent, with correspond. 
ing increases in the oxygen-absorbed 
value of the settled liquor. The same 
detergent had little effect on the set 
tling of activated sludge up to 230 
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p.p.m. concentration. It lowered the 
surface tension of the liquid, which 
restored by pretreatment with 
After aeration of the activated 
the detergent 
a tendeney for the sludge to 
that industries 
using these products should treat their 


was 
alum 
sludge, presence of 
created 
rise It is suggested 
own waste 

Rudolfs, Manganelli, 
309 conducted 


concerning 


and Gellman 
laboratory experi 
the effect of 
detergents on sewage treatment 
They found that the effects 
of various different 
The principal indicated effects of the 


ments 


thetic 


svn 


processes 


detergents were 


detervents were decreased efficiency of 


: settling tanks; foaming, floe agglom- 
ee eration, and carry-over in activated 
toe sludge units; and reduction in gas pro 


duetion from sludge digestion 
Goldthorpe, et al 140 stated that 
the inereased passing of the 


sedimentation tanks as a result of the 


load out 


use of synthetic detergents mas be as 
high as 30 per cent for domestre sewage 
and more than 100 per cent for certain 
industrial sewages. They viewed with 


alarm the effect of this on the overload 


ing of existing biological treatment 
plants. The authors predicted that 
detergents can affect the surface ten 


sion, and thereby, the transfer of oxy 
When detergents were added to 


and precipitated with acid, the 


pen 


supernatant liquor had a higher B.O.D 


than the sewage similarly treated but 
without detergent Such a superna 
tant, when treated by the activated 
sludge method, produced an_ effluent 
with a higher B.O.D. than the control 
sewage 


100) re 


deter 


Van der Zee 
effect of 


Degens and 
eertain 


ported on the 


vents on digestion and biological oxida 
tion of sewage Digestion was not 
affected, but biological oxidation of sew 


age was 


They con 


limiting con 


laved by certain detergents 
luded, that the 
entrations for damage by 
high that 


however, 


deterg nts im sewage are SO 


during the first vears of household use 
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no trouble would result in treatment 
plants. 
Mechanical Equipment 

Articles on mechanical equipment 
are more numerous in the literature of 
1949 than for many years past, indicat- 
ing an increasing appreciation of the 
value of improvement in such equip- 
ment and in the automatic control of 
Although 
kitchen waste grinders are not new in 
the sewerage field, they are coming into 


sewage treatment processes. 


increasing prominence and recognition, 
as 1s pointed out by Cohn (89) (91). 
The future of home grinders is pre- 
dicted by (284), who presents 
valuable information on their history, 
status, and performance. 


(dwen 


Experience with automatic equip 
ment in the control of chlorine in the 
treatment of raw sewage at Fort 


Wayne is deseribed by Hoot (183), 


who charts showing dosage 
records. together with a discussion of 
the the equipment. 


Meters and control equipment in the 


presents 
performance of 


activated sludge process are described 
by Pearson 289) in the second of a 
series of articles on instruments in the 
control of sewage treatment processes. 
The first article of the series is devoted 

devices cleaning 
the third de- 


scribes meters, gages, and recorders; in 


to automatic for 


sereens. In article he 
the fourth, similar equipment is de- 
scribed for control in sludge gas utill- 
zation, together with a description of 
Contactor pH 
measurements, elutriation waste water 
flow meters, and other equipment in 
controlling elutriation, condi- 
tioning. and filtration are deseribed in 
“ontrol 
treat- 


flame contro] deviees 


sludge 


the fifth, and a description of 
industrial 
ment comprises the sixth article. 
Electrical equipment in the produe- 
tion of power from sludge is described 
by Greiff (149 
of articles on the electrification of sew- 
age treatment processed. Greater de- 
tail in the arrangement of the equip- 


equipment in waste 


in the first of a series 


ment in the pumping station is given 


d J 
J... 
— 
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in the second article; pump-control 
diagrams and electrical pump-control 
benches are covered in the third; 
electrical control boards, electrically 
driven sludge pumps, electrically 
driven blowers, and explosion hazards 
are discussed in the fourth. Elee- 
tronic equipment in the control of 
sewage treatment plants is described 
by Fitch (126), who states that con- 
trol of sewage pumping plants has not 
advanced beyond the stage of simple 
float switches. However, at Seattle 
electronic-type controls are in use that 
are not found in any other plants of 
similar importance in the United 
States. 

Magnetic drives for sewage pumps, 
to be installed at the Nut Island treat- 
ment plant in Boston, are described by 
Meeker (253) as the first of their type 
to be installed in a sewage treatment 
plant. Some do’s and don’t’s in the 
installation of low-lift sewage pumps 
are emphasized by Angus (44). He 
stresses particularly the need for short 
suction pipes and the avoidance of 
water hammer. The pumping of sew- 
age by compressed air is described and 
recommended by Parks (287) for con- 
ditions near Lake Okeechobee, where 
electric power outages occur during 
hurricanes. The dual-fuel engine that 
uses oil fuel on the diesel cyele, or 
gaseous fuel with oil-fuel ignition is an 
interesting advance in the development 
of power from sewage gas. It is de- 
scribed by Crooks (97). Hundley 
(185) describes principles of interest 
concerning internal combustion engines 
utilizing gas as a fuel, 

Knapp (213) (214) describes equip- 
ment for sewer cleaning and flushing, 
eateh basin cleaning, and for the in- 
spection of sewers. An especially in- 


teresting piece of equipment is the 
Hydrocrane used for excavating. This 


device is described also by Brown (75). 

A roto-louvre sludge dryer is de- 
scribed by Goldstein (139).  Baffa 
(49) describes the heating of sludge by 
heat exchangers with special emphasis 
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on the foreed, hot-water circulation 
type of exchanger. Logan (237) de- 
scribes the Vacuator for the removal of 
scum from tanks at Palo Alto; Hasel- 
tine (158) mechanisms for 
the removal of grit and sludge from 
grit and sedimentation chambers; and 
Benas (57) describes an_ electrically 
driven, portable sand pumping rig, 
useful in removing materials deposited 
in channels, sumps, and tanks. 

Among the gadgets in sewage works, 
Galloway (133) describes an automatic 
sampling device, a chlorine cylinder 
rack, a portable digester cover seaf- 
fold, and a rig for hoisting equipment 
around the plant. Edwards (111) de- 
seribes an air scrubber at the Wards 
Island plant using diesel oil for odor 
removal; Mick (254) describes an in- 
teresting kink in the maintenance of 
vacuum filters which functions by 
means of water pressure nozzles spray- 
ing the filters hourly. 

Mechanical equipment at Baltimore, 
according to Keefer (201), has added 
40 per cent to the capacity of the plant. 
The equipment described by him em- 
phasizes particularly sludge and scum 
removal equipment. 


describes 


Miscellaneous 


The third Manual of Practice of the 
Federation of Sewage Works Associa- 
tions, dealing with Municipal Sewer 
Ordinances, was published (123). 

Organization and financing of the 
Allegheny Sanitary Authority was de- 
seribed by Du Von (108). 

Replenishment of ground-water sup- 
plies and prevention of salt-water en- 
croachment by spreading sewage ef- 
fluents on the ground is being advo- 
cated for Los Angeles County (31). 

In Ridgewood, N. J., Hood (180) is 
distributing copper sulfate to house- 
holders to be placed in flush toilets for 
the purpose of controlling root growths 
in sewers. 

Owens (283) comes to the conclu- 
sion that it will be 20 years before half 
the dwellings in a community will be 
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When 
this happens, the sludge load on the 


equipped with garbage grinders 


sewage plant will be increased by about 
10 per cent 


Industrial Wastes 


General 


A good presentation of some of the 
problems involved in surveying an in- 
dustrial waste problem is given by 
Weston, ef al. (382 The problems 
and pitfalls involved in getting repre 
sentative samples are discussed, to 
gether with the types of analyses re 
quired and methods of evaluating data. 
Although the paper deals specifically 
with the methods required for a survey 
of a large industry, many of the points 
discussed are equally applicable to the 
smaller industrial waste problems 

Mohlman (262 
bilities of recovery and utilization of 
materials in the wastes of some of the 
important industries surveyed by the 
} District, ineluding 
packinghouse, wool scouring, brewery, 


cdiseusses the poss 


Chicago Sanitary 
distilling, and pulp and paper wastes. 
Although manufacturers in time come 
to regard a profitable recovery method 
an integral part of the industrial proe- 
ess, there still is a field for waste utili 
sation and recovery if the economy of 
the method is based on the cheapest 
method of waste disposal and not on 
Utilization and re 
overy of industrial wastes from a bio 


direct profits alone 


standpoint is also treated by 


Buswell (78) in a general discussion 
of how the control of biological activity 
an either permit valuable by-product 
recovery or permit reuse of waste wa 
ters in an industrial process 

A symposium (32) on the industrial 
waste problems in the various states is 
wiven in short reports by the chiefs of 
regulatory from 36 
The industries causing stream pollu 
tion, the extent of the problem, and 
what is currently 


agencies states 


being done in each 


state to prevent pollution are pre 


sented Kxamples of the treatment of 


mixed industrial wastes and sewage by 
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the activated sludge process are given 
by Lamb (230). His 
show that most 
amenable to 


investigations 
industrial wastes are 
treatment by activated 
sludge, provided adequate allowance is 
made in the design of the plant 


Radioactive Wastes 


A booklet (41) on ‘‘Handling Radio- 
active Wastes in the Atomic Energy 
Program,’’ prepared by the Atomie 
Energy Commission, presents a simpli- 
fied discussion of some of the dangers 
making and 
using radioactive compounds. Infor- 
mation is also given relative to what 


and problems involved in 


is known and being studied in connee 
tion with the disposal of radioactive 
wastes to prevent dangerous air and 
water pollution. Gorman and Wolman 
143) diseuss the general problems in- 
volved in the disposal of radioactive 
with particular reference to 
the role of sanitary engineers in the 
radioactive waste program 
They conclude that trained sanitary en- 
vineers have an opportunity and a re- 
sponsibility in the field of radioactive 
waste disposal and that they should 
be trained in the fundamentals of nu 
clear physics to understand better the 
problems created by this new industry. 
In a (142) 
waste 
disposal problem and points out the 
necessity for special training of sani- 
tary that 
fields of waste dis- 


wastes, 


disposal 


similar paper, Gorman 


again discusses the radioactive 


engineers so their special 
knowledge in the 
posal and water supply can be useful to 
the atomic energy program. 

A digest (45) of the proceedings of 
a special seminar sponsored by the 
Atomie Energy Commission for leaders 
in the and water supply 
fields deals with all phases of radio 
active waste disposal problems. More 
detailed information and discussion on 
human and animal toler- 
ance limits, water and air pollution, 
and methods of treating 
wastes is presented here than in any 
other available publication 
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Ruchhoft (306) discusses the possi- 
bility of using a modified activated 
sludge process to remove radioactive 
materials from waste waters and con- 
centrate them in the sludge. Labora- 
tory experiments have shown that by 
using such a process it is possible to 
obtain a 700-fold concentration of 
radioactive plutonium in the sludge. 
Many problems are involved, and tol- 
erance limits for the sludge to radio- 
activity and concentrations of toxic 
compounds must be determined before 
practical applications can be made. 
Studies are being made to find suitable 
organic food for such a process when 
sufficient domestic sewage is not avail- 
able. 


Packinghouse Wastes 


Eldridge (115) reports operation of 
a treatment plant for wastes from a 
small packinghouse, consisting of a 
holding tank (to provide 24-hr. opera- 
tion), a septic tank, and a high-rate 
filter 14 ft. in diameter and 7 ft. deep, 
with stone media of 3- to 4-in. diam- 
eter hard granite. A rotary distribu- 
tor applies the settled waste. Results 
of a 2-day test in September showed 
reductions of B.O.D. from 2,200 and 
1,750 p.p.m. to 750 and 725 by the 
septic tank, and to 18 and 57 p.p.m. in 
the filtered, settled effluent. Loadings 
were 0.77 and 0.54 Ib. per cu. yd. per 
day, with 4.5 and 4.9 recirculations, re- 
spectively. The plant, at Owosso, 
Mich., shows the feasibility of a high- 
rate filter for this very small slaughter- 
house, which kills only about 14,000 Ib. 
per day of cattle, hogs, and sheep. 

Chemical treatment, described by 
Huppert (186), included a surge tank, 
a flash mixer in which sulfurie acid, 
alum, and chlorine dioxide was used, 
settling basins, and sludge digester. 
The acid reduces pH to 5.5, alum forms 
a floc, and chlorine dioxide is used for 
disinfection and odor control. B.O.D. 
reduction is 50 to 75 per cent. Ef.- 
fluent, when chlorinated, may be used 
as condenser water when filtered. Cost 
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of chemicals averaged the exorbitant 
figure of $47.80 per 1,000 gal. 

Packinghouse waste treatment at sev 
eral small plants in Llinois was dis- 
cussed by Klassen and Hasfurther 
(211). One plant, at Elgin, uses ferric 
chloride and gave 61 to 78 per cent 
B.O.D. reduction. The final effluent 
B.O.D. ran from 340 to 550 p.p.m. in 
four tests made in 1948, using 8&8 to 185 
p.p.m. coagulant. A test using ferrous 
sulfate gave an inferior floc and only 
39 per cent reduction. 

A smaller plant at Rushville, IIL., 
does no killing and only prepares meat 
for sausage making. Wastes are set- 
tled, after addition of ferric chloride, 
then applied to an aerofilter 24 ft. in 
diameter, 8 ft. deep, and finally settled 
in a rectangular settling tank. At a 
loading of 1,850 lb. B.O.D. per acre-ft. 
per day, the B.O.D. removal was 74 per 
cent, and over-all 94 per cent, with a 
final B.O.D. of 35 p.p.m. 

A discussion of the disposal of pack- 
inghouse wastes was presented by 
Mohlman (259) before a research con- 
ference of the American Meat Insti- 
tute. Unit losses were defined, also 
reasonable factors for good and poor 
operation. History of the treatment 
processes that have been used was re- 
viewed and efficiencies of various types 
compared. The practical value of 
washable high-rate filters was stressed, 
as a preparatory step. Activated 
sludge treatment is successful at Chi- 
cago because of the large dilution of 
wastes with sewage. 

Treatment of packinghouse wastes 
with city sewage at Huron, S. Dak., 
was discussed by Dunmire (107). The 
packing plant, with an average daily 
kill of 200 tons, contributes 60 per cent 
of the flow, with B.O.D. from 880 to 
550 p.p.m., added to 40 per cent of 
sewage with B.O.D. of 210 p.p.m. The 
plant consists of a primary tank, which 
removes 70 per cent of the B.O.D. 
(from 550 to 165 p.p.m.), and 6-ft. 
deep rock filters dosed at 2 m.g.a.d. 
Final settling tanks reduce the B.O.D. 
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Treatment of wastes from small 
laughterhouses in Pennsylvania is de 


343 


is recommended, 


scribed by Stiemke Chemical 


precipitation consist 
ing of high-test hypochlorite at the rate 
of 0.2 Ib. available chlorine (in 70 per 
ent HTH 5 Ib. filter alum 


1.000 eal reduetion of 96 


pilus to 
per 


Cost 1s estimated 


Studies 


per cent is claimed 
at 12.5¢ per hog unit were 
made at a plant killing only 6 to 20 
hogs units per day 

An aeration plus sand filter plant for 
rendering wastes Trom processing 20 
tons of meat seraps per day has been 
deseribed by Uhlmann (364 The flow 
iveraged from 125.000 to 165.000 ¢ p d 
lhe primary settling tank had a deten 
There were two 


total 


tion period of 2 hr 


aeration tanks with a capacity 


of 100.000 val., and two sand filters, 
ach 25 by 58 ft. by 3 ft. deep Air 
onsumption was about 2.5 eu, ft. per 


val. B.O.D. was around 650 p.p.m., re 
dueed to 15 
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in final settler et 
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WASTES May, 1950 
175,000 and the 
present flow 18 to 20 m.g.d., containing 
packinghouse wastes from the Armour 
and Wilson plants plus 11 smal! slaugh- 
Two detritors, 4 primary 
clarifiers giving 2-hr. detention for a 
flow of 50 m.g.d., and 4 primary high- 
rate filters (each 166 ft. in diameter 
and 6 ft. deep), provide the prelimi 
nary treatment. The filters are loaded 
at 4,330 Ib. per acre-ft. per day, de 
livering an effluent containing only 60 
p.pm. of B.O.D. Secondary filters 
8 at 186-ft. diameter) will be loaded 
at 416 Ib. per acre-ft. Digesters have 
1,600,000 cu. ft., or 7.5 
‘au. ft. per capita on the present actual 


tory population is 


ternouses., 


a capacity of 


population, or 3.6 eu. ft. on an equiva- 
ent Wynmore (395 
a trickling filter plant for a smal! meat 


basis describes 


packing plant 


Wastes 


Fermentation 


A series of six papers by Rudolfs 


and Trubnick (310) (311) (312) (313) 
$14) gives a very complete record of 
the study of the treatment of com- 


pressed yeast wastes at the Old Bridge. 
N. J., The 


earlier work, started in the laboratory, 


plant of Anheuser-Busch. 
was followed by treatment in a labora- 
tory pilot plant, which led to larger 
pilot-plant digestion experiments whieh 
determined loadings, not to exceed 0.10 
lb. per en. ft. per day to give maximum 
efficieney. Hydrogen sulfide in the gas 
averaged per cent at this loading. 
Higher loadings gave lower removals 
more H,S in the other 
tests a trickling filter was used, giving 
reduction and per- 
mitting loadings up to 11,000 to 12, 
000 Ib. per acre ft. with some redue 
removals, but a 
Recireula- 
tion, surprisingly, showed no improve- 
Sludge 


and gas. In 


0 per eent 


tion in percentage 


breakdown at higher rates 


ment over straight application 
formation is discussed and the over-all 
treatment The digesters 
should be loaded at the rate of 0.1 Ib. 
B.0.D. per cu. ft. per day and the trick- 
ling filters at 5,000 lb. per acre-ft. per 
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day. B.O.D. reduction is expected to 
average 90 per cent. Loadings of the 
filter varying from 0.2 to 8.0 Ib, B.O.D. 
per cu. yd. per day (323 to 12,900 Ib. 
per acre-ft.) gave filter efficiencies de- 
creasing from 58 to 40 per cent. 

In practical application, if 100,000 
y.p.d. of waste having 5,000 p.p.m. 
B.O.D. are to be treated by digestion, 
and 95 per cent B.O.D. reduction is to 
be obtained, a two-stage digester loaded 
at 0.095 lb. per cu. ft. per day would 
be necessary. The digesters would 
total 44,000 cu. ft.. with a detention 
period of 79 hr. Trickling filters at 
5,000 Ib. per aere-ft. per day could in- 
erease over-all B.O.D. reduction to 98 
per cent. 

Characteristics and treatment of rum 
wastes were discussed by Sawyer and 
Anderson (316). The wastes had a 
B.O.D. of 25,000 to 50,000 p.p.m., sus 
pended solids of 2,280 to 5,975 p.p.m., 
total solids of 5.33 to 7.78 per cent, 
ammonia nitrogen of 1 to 36.5 p.p.m., 
and pH of 3.7 to 4.7. The waste was 
treated by a two-stage laboratory bio- 
filter after admixture with sewage 
(1 per cent rum waste). Application 
rate of the mixture was 15.3 m.qg.a.d., 
with a recirculation ratio of 3 to 1, 
B.O.D. application was at the rate of 
2,590 Ib. per acre-ft. per day. Over-all 
B.O.D. removals averaged 95.9 per cent 
with an average influent B.O.D. of 
485 p.p.m. Small amounts of ammonia 
nitrogen were present in the effluent, 
indicating that sufficient nitrogen ex- 
isted in the mixture being treated. 

An investigation of disposal of grape 
stillage by irrigation was made for the 
Wine Institute in California (43). It 
is concluded that an intermittent irri- 
vation system, when properly con- 
structed and operated, will prevent of- 
fensive odors and mosquitoes. The ir- 
rigation area is planted with green 
crops. Another report made by the 
same organization (42) deals with the 
disposal of grape stillage by evapora- 
tion. The following products can be 
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recovered by evaporation: glycerine 
food acidulent, tartrates, pomace feed, 
fertilizer, and grape seed oil. A 50 
per cent reduction in the liquid volume 
of stillage, still changes, more con- 
denser water, more pumping and steam 
capacity, and heavy investment in new 
equipment are required for most win- 
eries to utilize this system. Legault, 
et al, (232) reported the results of 
investigations with the use of anion 
exchangers for the recovery of tartrates 
from grape wastes. Common salt solu- 
tion serves as the regenerating agent. 
The concentration of tartrate is in- 
creased 15 to 18 times over that in the 
original slop. The useful life of the 
exchange material is 500 eyeles giving 
a recovery of 1,800 to 2,000 lb. of tar- 
tarie acid per cu. ft. Clarification of 
the slop would reduce the fouling of 
the beds and loss of materials by attri- 
tion. Excellent clarification with ef- 
ficient tartrate recovery would yield 
an effluent with reduced B.O.D. 

A process for penicillin and strep- 
tomycin wastes described by Heukele- 
kian (166) involves developing seed 
material by aerating a suspension of 
soil or sewage in the wastes. The resi- 
due is settled and a portion of the 
supernatant liquor used to seed a fresh 
batch of raw waste. For wastes of 
B.O.D. up to 1,000 p.p.m., efficiency 
may reach 90 per cent. With strong 
wastes (up to 4,000 p.p.m. B.O.D.), re- 
duction was 70 to 80 per cent. Sub- 
sequent biological processes can be 
used to obtain greater reduction. 

Penicillin and streptomycin wastes 
have also been studied by Heukelekian 
(167). Sedimentation and chemical 
treatment are of little value. Ana- 
erobic digestion is feasible, giving 80 
per cent B.O.D. reduction with a daily 
volumetric dose of 5 per cent. Aera- 
tion may reduce the B.O.D, 90 per cent. 
A fine-grain sand filter will bring the 
B.O.D. down to 35 to 40 p.p.m. Strep- 
tomycin wastes are treated even more 
easily. 
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Chemical and Pharmaceutical Wastes 


The disposal of wastes from the 
Caleo Chemical Company at Bound 
Brook, N. J., was discussed by King, 
et al. (207 River analyses were pre- 
sented, indicating depletion to 0.6 
p.p.m. dissolved oxygen in July, 1947, 
when the river flow was only 114 m.g.d., 
but such low flows occur rarely, usually 
in the fall. The wastes are largely 
organic chemicals (intermediates) and 
dyes containing largely acid, sulfur 
compounds, and aniline derivatives. 
Sulfides and thiosulfates are salvaged 
and there are a few additional recovery 
processes, but the major problem is 
neutralization of acid and abatement 
of the color due to dyes, which is ac 
complished in large lagoons by addi 
tion of waste lime sludge and mixing 
colored wastes, with discharge of an ef 
fluent of pHl about 4.0 and a uniform 
brownish liquid to the river, with a 
B.O.D. not exceeding 125 p.p.m. A 
foam seine across the river holds back 
any occasional foam discharge and 
sludge is dredged out of the lagoons 

Hess (164) discussed the disposal of 
wastes from manufacture of interme- 
diate organic chemicals and dyes, de 
scribing the organization of a waste 
disposal unit, the logical investigation 
and abatement of wastes, methods of 
removal or treatment of wastes, organ- 
ization of the Manufacturing Chemists’ 
Association for study and alleviation of 
waste production, and relation of 
wastes to stream disposal standards 
This paper outlines in a comprehensive 
way the position of the organie chemi 
cal industry in relation to the problem 
of waste disposal 

The Hereules Powder Company at 
Mansfield, Mass., manufactures various 
synthetic resins, with wastes totalling 
2.000 Ib. B.O.D. per 24 hr., discharged 
to such a small stream (Rumford 
River) that only 30 Ib. per day was 
permissible Therefore, all feasible 
methods of reducing the B.O.D. were 
studied and reported by Dickerson 
(108 Most of the oxygen demand 
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was in solution; chemical treatment 
was ineffective, as the organic matter 
was largely rosin and resin oils, form- 
aldehyde, pentaerythritol, sodium for- 
mate, and organic acids. A high-rate 
filter was found suitable, after neutrali- 
zation and dilution. The filter was of 
terra cotta pipe 10 in. in diameter and 
6 ft. deep. Diluted formaldehyde was 
applied at 500 p.p.m., diluted to 60 
p.p.m. by pond water. The over-all 
reduction was 82 per cent. Later, 
formaldehyde up to 1,500 p.p.m. was 
eliminated and recirculation continued 
at 40 to 1 rate. Over-all reduction 
was 90 per cent. These results were 
followed by feeding a synthetic mix- 
ture similar to plant wastes, with 
equally good results. It was concluded 
that biological oxidation was possible, 
and a full-scale plant was designed. It 
is now in operation. 

In the neutralization of sulfuric acid 
by upflow passage through a bed econ- 
taining small particles of limestone, 
the Water Pollution Research (377) 
reported that the limiting concentra- 
tion of sulfurie acid, above which in- 
activation of the bed occurred due to 
the deposition of calcium sulfate, in- 
creased as the temperature of the waste 
decreased. Ferrous and ferric sulfates 
could not be removed in the upward 
flow limestone bed, but they did not 
interfere with the neutralization of 
free acid. 


Paper Wastes 


White Water.—The literature on 
pulp and papermill wastes contained 
several papers on white water clarifica- 
tion. Most of these concerned the ap- 
plication of flotation equipment to this 
process. Easton (109) and Hutchin- 
son (188) review the application of the 
Sveen-Pedersen saveall to board and 
papermills, respectively. The first pa- 
per includes flow sheets, suggesting 
various methods of integrating the unit 
into board mill white water systems or 
comments on chemical control and op- 
eration. The second article details the 
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integration of the unit in papermills, 
stressing mechanical changes and im- 
provements necessary to obtain opti- 
mum results. Operating data are pre- 
sented for a number of different types 
of production for properly installed 
and operated machines. These figures 
indicate that in most cases effluents 
having suspended solids concentra- 
tions below 25 p.p.m. could be con- 
sistently obtained under ideal condi- 
tions. Advantages of the high con- 
sistency of the recovered fiber are 
pointed out. 

Another type of flotation clarifier 
known as the Savalla is deseribed by 
Niberger and Bodette (276).  Al- 
though many chemicals have been em- 
ployed to induce flotation, it is pointed 
out that in papermill practice alumi 
num salts appear the best. Operating 
results presented for a newsprint mill 
covering 11 test periods indicate an 
average efficiency of 91 per cent fiber 
recovery. An arrangement of a two- 
machine tissue mill for water reuse and 
fiber recovery employing a Sveen- 
Pedersen saveall is deseribed by Simp- 
son (326). Detailed analytical data 
are given for both cylinder and 
Fordrinier machine losses. 

The decision of the city of Baltimore, 
Md., to establish a reservoir on the 
Patapsco River created the problem of 
treatment of felt paper wastes by Con- 
goleum Nairn Ine. The results of 
studies for treatment of such wastes are 
reported by Irwin and French (193). 
The materials used in the production 
of felt paper are rags, wood pulp, and 
waste paper. None of the processes re- 
quires chemical cook. The water sys- 
tem has been closed, so that only 1,200 
gal. of fresh water is used per ton of 
paper. The recirculated water is 
passed through savealls. The discharge 
to the stream amounts to 125,000 g.p.d. 
The waste has a pH of 5.2 to 5.7, 
B.O.D. of 1,410 to 3,160 p.p.m., and 
total solids of 3,300 to 9,200 p.p.m. 
The wastes are discharged into a lagoon 
with a theoretical detention period of 
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7 or 14 days, where the B.O.D. is re- 
duced to about 2,000 p.p.m. To meet 
the requirements of 50 p.p.m. B.O.D. 
before discharge into the stream, the 
following methods of treatment were 
investigated : lagooning, sedimentation, 
chemical treatment, dilution, and bio- 
chemical purification. Lagooning was 
found to be insufficient for disposal 
without further treatment. Sedimen- 
tation and alum treatment gave no 
B.O.D. reduction. Dilution with fresh 
water was not practical. The waste 
could be treated on filters. The opti- 
mum volumetric rate of application 
was 1.7 m.g.a.d. A B.O.D. of less than 
50 p.p.m. could be obtained in the ef- 
fluent with an applied B.O.D. of 200 
p.p.m. 

Sulfite —-An excellent illustrated de- 
scription of the magnesium sulfite pulp- 
ing process, now under full-scale devel- 
opment, is presented by Callahan (80). 
This process is of interest in that 
stream pollution is virtually elimi- 
nated, because the waste liquor is 
burned and magnesia and sulfur di- 
oxide are recovered. A _ paper by 
Folger, et al. (129) covering spray 
drying coefficients, and one by Kobe 
and McCormack (216) dealing with 
pulping liquor viscosities, are impor- 
tant from the standpoint of the devel- 
opment of waste liquor recovery proc- 
esses, 

Stevenson and Bollen (342) report 
on extensive field experiments de- 
signed to determine the feasibility of 
using dilute sulfite waste liquor in ir- 
rigation waters. Rates of application 
ranging from 10 to 120 tons per acre 
were applied annually to areas on 
which potatoes, corn, beans, and cab- 
bage were grown. The crops were 
rotated throughout the 5-year experi- 
mental period. The heaviest rate ap- 
plied (120 tons per acre) was depress- 
ing on the growth of some crops, but it 
was concluded that 60 tons, or 0.5 acre- 
in., can be used annually in dilution 
with irrigation water without harmful 
effect on the soil. 


| 
: 
} 
{ ey 
| 
inf 
{ 
| 
| 
| 
: 
i 
a 
| 
| 
| 
| 
| 
. | | 
Mite 
# i 
Ps 
i 


624 


SEWAGE 


fite 
were reported 


Addition 


by Seripture 


o! 


plastic state and after hardening. 
quantities of liquor presently so em 
ployed are small. 
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hydrolysis of sulfite liquor. The proe 
consists Of placing the liquor in a 
closed system and heating it at various 
A B.O.D. 
cent could be 
At this pressure. 
residual material was a black liquid 
containing 
could not be 
At 
the 
gilomerated 


OSS 


temperatures and pressures 
reduction of 60 to 70 per 
Obtained at 197 
the 


some sol 1d 


residue which 
readily separated from the 
of 300 to 410 
carbonaceous material ag 
separated relatively 
an over-all B.O.D. 
duction of 70 to 90 per cent 

Digestion 


liquid pressures 
and 
easily, 


Riving re- 


Four articles appeared 
on high-rate anaerobic 
pulping 


bearing diges 
tion of wastes Gehm and 
Morgan 35 described the design of 
a digestion system employing contin 


OUS agitation in the digester. 
ternal 


and ex 
separation with 
to the digester feed, 


digestion 


liquor-sludge 
sludge returned 
Laboratory experiments on 
strawboard waste, on Which this design 
was based, are reported by Bloodgood 
271 together 
other studies on this waste 


and Kinneman 


with 
including 
a classified analysis of 
raw straw in relation to effluent losses 
Research conducted on the influence of 
sulfite 


lagooning and 


on methane 


fermentation 


by 
Noordam- iedewagen, ef 


al. (278 


were of interest in that the 
fites 


use of sul 


in pulping straw and other raw 


AND INDUSTRIAL WASTES 
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waste liquor in portland cement 
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filter rates of about 9 lb. per sq. ft. 
per hr. 

Sludge Dewatering.—-Pilot plant ex- 
periments on the sedimentation and 
sludge dewatering of integrated mill 
waste were reported by Erspamer and 
Rice (118). In addition to a com- 
plete description of the plant, operat- 
ing results are summarized in this 
paper. Settleable solids removal aver- 
aged 97 per cent, and total suspended 
solids reduction 82 per cent, when a 
l-hr. detention period was employed in 
the settling tank. Extension of this pe- 
riod to as much as 4 hr. did not pro- 
duce substantially greater suspended 
solids removals; nor did prefloccula- 
tion. Accompanying B.O.D. reductions 
amounted to about 15 per cent. Pilot 
vacuum filter tests indicated that filtra- 
tion rates of 1.2 to 5.2 lb. per sq. ft. 
per hr. were obtainable with the sludge, 
depending on the initial consistencies, 
which ran from 2.0 to 5.0 per cent 
solids. With the addition of lime on 
black ash, filter loadings could be in- 
creased 45 per cent. Cake moistures 
of 71 to 78 per cent were recorded ; the 
filtrate was similar in character to the 
raw waste. 

Semi-Chemical Wastes.—Research on 
the character and treatment of semi- 
chemical pulping wastes was reported 
by Vilbrandt, et al. (269) (272). De- 
tailed chemical and sanitary analyses 
of these wastes revealed that the major 
pollutional characteristics were B.O.D., 
and suspended matter. The 
B.O.D. is due mainly to fatty acid salts 
and hemi-cellulose, the color to lignins 
and tannins, and the suspended matter 
to wood fiber debris. High degrees of 
color removal accompanied B.O.D. re- 
ductions in the order of 30 per cent, but 
produced hydrous sludges for which 
exhaustive experimentation failed to 
produce dewatering methods. Consid- 
erable exploratory work on various 
chemical and eleetro-chemical methods 
of treatment did not yield promise. 
Preliminary aerobie and anaerobic 
treatment tests revealed the fact that 


color, 
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high B.O.D. reductions can be so ob- 
tained and this work is being con- 
tinued. 

Van Horn (270) presents studies on 
the toxicity of kraft mill waste to insect 
larvae important as fish food. Data 
reveal that insect larvae are much more 
resistant to potentially toxic substances 
than either fish or the microfauna, 
hence cannot be affected by kraft mill 
discharge in normal dilutions. 


Cannery Wastes 


Treatment.—Logan (237) reports on 
the operation of a Vacuator installed 
to overcome excessive scum formation 
experienced on a clarifier during the 
5-month period when fruit and vege- 
table cannery waste amounting to 50 
per cent of the domestic sewage flow 
was received. The Vacuator, serving 
as the sole primary unit ahead of a 
roughing filter which allowed the elari- 
fier to be used for secondary settling, 
removed 40 per cent of the suspended 
solids of mixed sewage and cannery 
waste and from 55 to 60 per cent of 
the settleable solids by weight. Higher 
solids removal would have been ob- 
tained had not the cannery waste been 
pre-screened through a 40-mesh screen. 
Seum formation was completely con- 
trolled. 

A full-scale cannery treatment plant 
and its operation is described by Dick- 
inson (104). The plant consists of pri- 
mary settling tanks, trickling filters, 
secondary settling, and orifices to pro- 
vide a return of 5 parts of final effluent 
to 1 part of raw waste. The B.O.D. of 
the mixture applied to the filters 
ranged from 84 to 191 p.p.m. and that 
of the final effluent from 11 to 21 
p.p.m., based on monthly averages dur- 
ing 1948. The rate of application was 
approximately 3.5 gal. (Imp.) per eu. 
yd. per hr. The filters are 6 ft. deep, 
graded from bottom to top as follows: 
2 ft. of 2-in., 2 ft. of 1%-in., and 1.5 ft. 
of 2-in. limestone, with a top dressing 
of 6 in. of large clinkers. Sludge is 
dried on under-drained drying beds. 
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Conditions at this plant, located in 
England, differ in many respects with 
the average American cannery where 
canning is seasonal, the daily hours of 
operation are longer, and the volume 
and B.O.D. of the waste are much 


MeNary (252) presented a brief re 
view of the waste disposal methods in 
use at Florida citrus canning plants 
and announced a pilot plant anaerobic 
digestion investigation scheduled for 
the 1949-50 canning season under the 
sponsorship of the Florida Citrus Com 
mission Sanborn (315) gave a gen 
eral presentation of the subject of can 
nery wastes. Factory process waters 
from washing of produets, blanching, 
spillage, and cleaning of equipment 
and floors, constitute the most difficult 
wastes. Treatment methods consisting 
of one or more of the following are dis- 
cussed: screening, chemical precipita 
tion, cannery operated biological filtra 
tion, lagoons, absorption fields, and dis 
harge to a municipal sewage works. 
Treatment or disposal methods for (a 
water derived from the heat steriliza 
tion and cooling of sealed containers, 

solid wastes domestic plant 
sewage, and (d) special wastes with 
high B.O.D. but small volume are 
briefly described A table is given 
showing the volume, B.O.D., and sus 
pended solids of wastes incident to the 
canning ofa number of different 
products 

Utilization.—Investigations on the 
utilization of cannery wastes received 
considerable attention during 1949 
Burdick, Anderson, and Dunean (77 
flow diagrams and operating data 
on the commercial application of sub 


merged combustion to the production 
of citrus peel molasses Citrus peel 
liquor obtained during dewatering in 
the course of citrus feed manufacture 
is heated in the first of two submerged 
combustion units, followed by gravity 
separation of insoluble calcium salts 


and partial concentration in the se 
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ond unit, prior to final concentration 
in a double-effeet evaporator. The 
submerged combustion treatments over- 
came a serious evaporator sealing prob- 
lem and effectively pasteurized the 
liquor so that losses due to fermenta- 
tion prior to evaporator concentration 
were eliminated. The process is an 
innovation in citrus molasses manu- 
facture. 

Recovery.—-Miller (256) discussed 
citrus meal and citrus molasses, recov- 
ered from citrus cannery waste solids, 
as components in mixed cattle feeds 
Analyses and suggested formulas are 
given. It was concluded that ‘‘citrus 
pulp and molasses are the most eco- 
nomical per unit of total digestible 
nutrients of any feed ingredient pro 
duced.’’ 

A deseription of the processes used 
in pilot plant production of feed yeast 
from citrus press liquor and cannery 
pear wastes, with particular emphasis 
on the latter, was given by Ramage and 
Thompson (299 Pear waste juice 
with added mineral nutrients is aerobi 
cally fermented with Torulopsis utilis 
at a pH of 4.5 and at a temperature 
of 94° F., with the sugar concentra 
tion maintained at 0.1 to 0.2 per cent 
in the propagator. Yeast is separated 
in a centrifugal concentrator and the 
resulting cream dried in a steam-heated 
rotary drum. Yields of veast as high 
as 57 per cent of the weight of sugar 
fed have been obtained. The process, 
except for juice extraction, is con- 
tinuous, and after initial adjustments is 
operated under automatic instrument 
control. It is estimated that when a 
practical continuous juice press be- 
comes available the waste disposal costs 
in canning pears will be more than 
offset by the value of feed yeast ob- 
tained. Chong and Cruess (85) ex- 
perimentally treated pureed pear wastes 
with a pectic enzyme, which after filtra- 
tion yielded about 75 per cent by 
weight of juice containing about 13 per 


cent of soluble solids, mostly sugar. 
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After decolorization the syrup may be 
used in canning pears. The value of 
the syrup thus recovered is greater 
than the cost of preparation. 

Beohner and Mindler (59) presented 
the general principles of ion exchange 
and application to waste treatment. 
Examples of ion exchange processes are 
recovery of organic acids, pectin from 
grapefruit cannery wastes, and sugar 
syrups from fruit cannery wastes. 
Felton (124) presented an outline of 
the process and chemical data on ion 
exchangers for recovering sugar syrup 
and citric acid from pineapple ecan- 
nery wastes, as conducted in the Ha- 
waiian Pineapple Company’s ion ex- 
change plant. 

Adams (5) reported on studies for 
the recovery of industrial aleohol, in- 
dicating that a rapid, continuous fer- 
mentation of pear, apple, and cherry 
cannery wastes is practicable. A tenta- 
tive design for a mobile aleohol re- 
covery unit mounted on railroad box 
cars is given. Beeause the primary 
objective is the solution of a waste 
problem, conversion of the fermenta- 
tion residues to stock feed is proposed. 
Whether the process will be profitable 
or not will depend on several factors, 
including the value of the by-product 
feed and ability to supplement the op- 
eration of the unit on other earbohy- 
drate wastes, such as cull potatoes. 

A brief description of the back- 
ground, organization, and objectives of 
a joint government-industry research 
project which led to the operation of a 
large pilot plant for the treatment of 
solid wastes from fruit and vegetable 
canning plants was given by Clevenger 
(87). End products of the pilot plant 
studies have been (a) a dried pumice 
suitable for stock feed containing all 
the fiber in the waste and some of the 
sugar and other soluble material, and 
(b) a concentrated syrup fraction that 
can be fermented to produce industrial 
products or disposed of as stock feed 
molasses. 
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Dairy Wastes 


Eldridge (114) discussed the use of 
return sludge type of treatment of milk 
waste at Belle Center, Ohio. Con- 
sistently excellent effluent has been ob- 
tained under widely variable condi- 
tions. The excess sludge volume is 
relatively large, and a thickener is used 
to reduce the volume. The digestion 
appeared to be very complete with 9- 
day detention at 90° F. No digested 
sludge had to be withdrawn during 
1 yr. of operation. 

Helmboldt (161) diseussed dairy 
waste saving and also pointed out the 
importance of keeping relatively large 
amounts of caustic from bottle washers 
out of a milk waste treatment plant of 
the return sludge type. The difficulty 
was overcome by pumping the caustic 
to a storage tank whenever the bottle- 
washing machine had to be cleaned, 
and returning the caustic for re-use 
after cleaning the machine. 

Trebler and Harding (360) have also 
reported excellent results with return 
sludge (activated sludge) type of treat- 
ment for milk waste. 

Treatment of milk washings by addi- 
tion of coagulants, sedimentation, and 
biological filtration is discussed by 
Southgate (332). At one plant, milk 
washings are treated with 300 p.p.m. 
of alumino-ferrie and soda ash to raise 
the pH to 7.0, mixed, and then allowed 
to settle. The supernatant is treated 
by biological filter 11 ft. deep at the 
rate of 340 gpd. per eu. yd. The 
chemical treatment removed 75 per 
cent of the 286 p.p.m. B.O.D. of the 
raw waste, and the final effluent had a 
B.O.D. of 14 p.p.m. In another plant, 
on milk washings the 690-p.p.m. B.O.D. 
of the raw waste was reduced to 320 
p.p.m. by the application of 170 p.p.m. 
alumino-ferric, and then further re- 
duced to 6 p.p.m. by filtration through 
a 5-ft. deep bed at the rate of 60 g.p.d, 
per cu. yd. 


a 
q 
| 
f 
Ay 
ie: 
. 
| 
| 
if 
| 
> 
ig 
2h ea 
a4 
te 


§28 SEWAGE AND INDUSTRIAL WASTES May, 1950 
Tannery Wastes centration. It was found that sodium 


Experience at Ballston Spa, N. Y 
295 has indicated that 


ean be handled at the municipal 


tannery 


vreater advantage if received 
daily and not stored by the industry 
Reuning (300) presents a diagram of a 
modern chemical precipitation plant 
for handling the waste from a tannery 
The most difficult task in treating these 
vastes Is th disposal of the sludge, 
hest done by lagooning, drying on beds, 
or dewatering in centrifuges The 
solid materials from the latter proce 
esses are recommended to be used as 
soil builders A Swiss patent was 
eranted 16 on a process where the 
alkaline and acid wastes are mixed 
filtered, treated with Fe 


turnings) to complete the removal of 


nowder or 


sulfides, and filtered again. The iron 
suifide is periodically added to the 
mixed wastes The process removes 
about 55 per cent of the total solids, 82 
of the organic matter, practi 
cally 100 per cent of the sulfides, and 
lowers the permanganate number about 


pe cent 


72 per cent. Vrijburg (374) reports 
on a group of sole-leather tanneries in 
North Brabant 
1 to 2 eu. m. of settled waste water 
The waste has a B.O.D 


Analyses of the wast 


These plants produce 


per cowhide 
f 712 p.p.m 
water from the various operations are 
eiven and snuegestions made for im 


proving the wastes discharged 


Textile Wastes 


A report of the North Carolina State 
Stream Sanitation and Conservation 
Commission (81) shows data compiled 
from the study of the wastes from 16 
textile mills The report covers a 
great many types of wastes and gives 

nt 


sufficient rmation to deseribe each 


definitely Buswell, ef al. (79) state 
that the use of glucose in rayon spin 
ning baths leads to a waste with a 
B.O.D. as high as 5,000 p.p.m. and that 
it is not readily treated by the usual 


methods because of the high salt con 


concentrations of 4,000 
p.p.m. or more makes the methane 
fermentation of glucose at 55° C. im- 


sulfate im 


possible. Acetie acid, however, can 
readily be fermented in the presence of 
as much as 10,000 p.p.m. of either 
sodium chloride or sodium sulfate at 
37° C. Zack (396) describes the waste 
treatment plant used by a mill process- 
ing cotton, rayon, nylon, and other 
synthetic fibers from thread woven 
into fabries that are dyed black or 
bleached white. The waste liquors re- 
sulting are from bleaching, scouring, 
rinsing, dyeing, sizing, and finishing 
processes. Because of the variation in 
the character of the waste, chemical 
selected as the 

The chemically 
treated waste, after sedimentation, was 
ponded for about 20 days. The B.O.D. 
of the 
clarified effluent 254 p.p.m., of the pond 
effluent 53 p.p.m. Operating costs are 
between $90 and $100 per day. The 
plant was designed to handle 75,000 
g.p.d. 


precipitation was 
method for treatment 


of the raw waste is 697 p.p.m., 


Wool Ne Waste 


Singleton (327) working with the 
wool scouring wastes from a woolen 
mill at Lebanon, Tenn., found that 
with anaerobic digestion the volatile 
matter could be reduced 65 per cent 
Ile states 
that anaerobic fermentation presents 


and the grease 90 per cent 


a possible practicable solution to the 
problem of the treatment of wool seour- 
MeCarthy (247) says that 
the use of carbon dioxide and caleim 


Ing wastes 


chloride, in combination, offers a rea 
sonably simple, rapid, and inexpensive 
method of 


wastes. The carbon dioxide reduces 


treating woo! scouring 
significantly the amount of coagulant 
necessary, al d its use is essential for 
best results. The process can be used 
with sedimentation or flotation. Co 
burn (88) compares centrifuging, chlo- 
rine treatment, acid cracking, caleium 
hypochloride processing, and caleium 
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chloride processing as methods of treat- 
ing wool scouring wastes. He states 
that where ample dilution is available, 
treatment of wool scouring wastes by 
any of the methods described will be 
satisfactory. No economical method 
of treatment has been developed which 
will produce an effluent comparable to 
those obtained by the conventional sew- 
age treatment processes. 


By-Product Coke Wastes 


Bundy and Jordan (76) outlined es- 
sential steps in making a by-product 
coke plant waste water survey. It was 
found that 77 per cent of the phenol 
entering the river came from the final 
cooler. It was necessary to increase the 
efficiency of phenol reeovery from 83 
per cent to 95 per cent or better to 
meet West Virginia requirements. In- 
stallation .of a final cooler water re- 
circulation system will eliminate phenol 
from this source and permit the plant 
to hold its phenol discharge below the 
allowable minimum. This paper con- 
tains considerable useful data. The 
Institute of Sewage Purification (27 
recommends that only ‘‘spent’’ am- 
moniacal liquor be discharged to sewers ; 
that the discharge be constant, or in 
proportion to the sewage flow; and that 
gas tar be completely absent from the 
liquor. No more than 0.5 per cent of 
spent, or 0.25 per cent of crude, liquor 
should be sent to a sewage treatment 
plant. Ettinger and Ruchhoft (119) 
state that microbiological action is the 
principal cause of removal of phenol 
and cresols in surface waters. Rates of 
removal are governed by metabolic fac- 
tors. <A chart is presented to guide 
estimation of low-temperature persis- 
tence of such compounds in waters of 
different types. Data (17) are given 
on the volume and concentration of 
wastes from coke plants in the Ohio 
Valley. 


Petroleum Refining Wastes 


Albright (9) described a method for 
treating spent caustic solution which 
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involves recirculating the liquor in a 
plate column countercurrent to a stream 
of flue gas. Sulfur gases stripped from 
the liquor are burned, and phenol is 
recovered from a settling tank by skim- 
ming. The first commercial plant to 
convert the hydrogen sulfide in re- 
finery gases to sulfuric acid was de- 
scribed by Albright (8). Hydrogen 
sulfide is stripped from the gas by 
scrubbing with diethanol amine. It is 
steam-distilled and burned with a de- 
ficiency of oxygen, whereby elemental 
sulfur is separated. The unreacted 
gas is converted to sulfuric acid cataly- 
tically. Over-all economies are said to 
be sound. 

King (206) reported that the oil 
separator to handle waste waters from 
the Sohio and Pure Oil refineries at 
Toledo, Ohio, is operating satisfacto- 
rily. The separator, which differs from 
the conventional A. P. I. design, is re- 
moving 80 to 85 per cent more oil than 
the old facilities. Atlantic Refining 
Co. has developed (30) an automatic 
waste water sampler that holds the 
samples at 42° F., found to be the 
optimum temperature for keeping bio- 
logical changes to a minimum. Ullrich 
(365) discusses improved results fol- 
lowing establishment of a separate 
stream pollution control department at 
the Esso Baton Rouge plant. The vari- 
ous steps taken by the new group to 
reduce pollution are outlined in some 
detail. 

Schindler (318) reported on the op- 
eration of a plant-scale experimental 
process for treating spills of sulfonated 
alkyl aromatics. Waste water is ad- 
justed to pH 5 to break emulsion, then 
lime is added to pH &; if decolorization 
and settling are poor in this step, pH 
is raised to 10, and ferrous sulfate is 
added. The treated waste is allowed to 
settle and the supernatant is discharged 
at a controlled rate. The plant has 
been treating 850,000 gal. per month 
for 2 vears. Fauleoner, ef al. (122) 
described a plant which conditions re- 
finery effluent water for reuse. The 
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stream is softened 
and 


waste water 
arified with lime, soda ash, 
aluminum sulfate in a re 
unit 


and el 


rerric 


or 
recirculation 
The effluent passes through an anthra 
filter to a tank, 
shate stabilizer and sul 
id are added to maintain the 
Treatment costs average 
A eation-exchange 


activator sludge 


cite pressure surge 
where a phos} 
furic acl 
prope r pli 
$3¢ per 1,000 gal 
material produced from acid 
was patented by Higgins (17) 
Haycock patented (160) the applica 
acid to alkaline soil 


sludge 
and 


tion ol sludge 


improve its qualit 


Oil We ll Briones 


Jessen (197 
subsurface injection 
systems require 
of about 


reviewed current prac 


of brines 


ti in 


pen type 


treatment 
ent in equipment 


an investi 

£50,000 ; closed-type systems, which 
ean be used for volumes under 5,000 
bbl per day, cost about $10,000 In 


95.000 to 430,000 must be 
of the injection well 


both cases 
added for the cost 
This type o! disposal rarely 
per bt 
using partial chemical t 
f 0.2¢ to 0.5¢ per bbl. of 
It has been reported 


eosts more 


than 1.5¢ and many plants 


reatment have 


eosts 0 


total 


water injected 


99) that plastic tubing is in successful 


for subsurface injection of brines 


use 


Yufeldt (397) states that about 2 bb! 
of brine 1s produced per barrel of o1| 


Texas field Injection of 


the oil-water con 


in the East 
treated brines below 
t stop] ed the decline in 
an 


has almos 


hole 
acute pollution problem ; and 
“eased the estimated ultimate re 
t} e W oodbine reservoir bs 
is treated by skim 


ac 


bottom pressure ; has solved 


has in- 


covery 
600, 


er 
from 
000.000 bbl. Brine 


ming, aeration, eoagulation, filtration 


and ehlormatiot 
thought to be Vibrio 


A chlorine resistant 
the r 


Luis 


bacterium 


modesul furicans, reduces sulfates ¢: 
ing formation of ferrous sulfide, whiel 


sands 
} 


ve 


plugs injection 


found to 


in these waters thar 


has been 
agent 


chic 


oxidizing 


chlorine or yates ; 


, 
Permanganate 


a more powerful 


b. of potas- 
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1.000 bbl. of 


sium permanganate per 


brine will inhibit bacterial growth. 
Cost of this treatment is $2.40 to $2.75 
per 10,000 bbl.. as compared with a 
cost of $3.00 to $3 95 for chlorine, lime, 
and alum. Hatfield (159) discussed 
experience in Kansas, where brines are 
pumped to a settling pit for oil-skim- 


ming, then pumped to injection wells 


These may be depleted wells, dry holes, 
It is important to ex 
The in- 
system serving & 
group of wells ranges from $1,000 to 
43.000; operating costs vary with the 
injection pressure and the amount of 
will take. 
the recovery of iodine 


or new drilling 


Jude air as much as possible 


yestment cost per 


water a well Sawyer, ef al 


317 
frorn br 
ical Co. 


deseribe 
ines as practiced by Dow Chem- 
For determin- 
(208) 
hexane. With 
es containing less than 25 p.p.m. 
oil, 95 per cent Is recovered in two eXx- 
99 per cent in three. Dupli- 
differed by less than 1 


in California 


ing oil in brines, Kirsehman 
favors extraction with 


samp! 


tractions, 
eate samples 


p.p.m Naphthenie acids are extracted 
with the oil and must be removed by 5 
saponification Oil is defined as the 


non-saponifiable, hexane-soluble frac 
this material most closely repre 
1 content that contributes 
f oil films and de 
have 


tion: 


sents the ol 
to the formation 0 
Bond and 
patented a soap for breaking brine-in 


posits Savoy 63 ) 


oil emulsions 


Oi Wastes 


Bradt 


boiler 


filtering 
condensate, of 
to keep ml out of 
eliminating a minor 
Haseltine (157 
of, and methods 


72 recommends 


steam instead 
hlowing off steam, 


hoil thereb 


ers, 
nollution problem. 
sourees 


deseribes the 
coluble-oil emulsions. His 


for treatine 
jaborators xperimentation on 5 com 


mercial products gave results that dif- 
, fered from those of Eldridge and 
Purdy (116) in some respects. He 
found that a number of electrolytes 


will break emulsions partially or com 


ven though 


} 


these oils are 


pletely and, 
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highly alkaline, addition of more alkali 
improves breaking, coagulation, and 
clarification. Caleium chloride is a 
vood emulsion breaker, but in some in- 
stances so much may be required that 
the effluent will be toxic to fish. Where 
pickle liquor is available it may be used 
with lime, in a single-stage process, to 
treat emulsions. He notes that where 
the oil content is high, free oil and/or 
floceulated material may float instead 
of settling; increasing the coagulant 
dosage will reduce this tendeney. 

Treatment of wastes arising from a 
sheet and plate rolling mill containing 
soluble oils is described by MeMorris 
(251). The wastes are first treated by 
gravity flotation. The removal of the 
emulsified fraction was studied by two- 
stage chemical treatment. The emul- 
sion was cracked by treatment with 
alum, followed by sedimentation and 
alkali treatment with lime to the point 
of floe formation, followed by second- 
ary sedimentation. Effective removal 
of oils was obtained. <A plant was de- 
signed and built incorporating these 
features. Alum is added at 7 g. per 
gal. and lime at 10 g. per gal. 

The addition of carbons and carbon 
coated sand to the surface of water 
containing oil is reported to remove 
the oil from the surface and submerge 
it to the bottom by Hofmann (178). 


Pickling Wastes 

Hoak and Sindlinger (175) intro- 
duced a new pickle liquor neutraliza- 
tion technique that involves controlled 
aeration of the liquor after treatment 
with an alkaline material (experimen- 
tal data are given for magnesia, and 
for high-caleium and dolomitie limes). 
This procedure yields a slurry that set- 
tles completely in less than 14 hr. to the 
smallest attainable volume. Filtration 
rates in excess of 400 lb. of wet cake 
per sq. ft. per hr. were recorded for 
high-ealcium lime slurries; the wet 
cake contained 60 per cent dry solids. 
Wragge (393) presented a survey of 
methods in general use throughout the 
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world for dealing with pickle liquor. 
Neutralization and crystallization tech- 
niques are discussed, including operat- 
ing costs and materials of construction 
for some processes. A ternary equi- 
librium diagram (H,O/FeSO,/H,SO,) 
was included to facilitate theoretical 
and practical calculations for acid re- 
covery processes. He concludes that 
the pickle liquor problem is incapable 
of a simple solution, but that its mag- 
nitude could be reduced by improved 
plant housekeeping. Lewis (235) found 
that greatly improved sludge filter- 
ability could be attained by treating 
pickle liquor with a 250 to 400 per cent 
excess of dry quicklime. This treat- 
ment produced a granular sludge that 
could be dewatered readily in a basket- 
type centrifuge. This method would 
be suitable for a plant producing up 
to 3.000 g.p.d. where lagoon space was 
not available. As the volume to be 
treated increases, the cost of excess 
lime outweighs the advantages of the 
method. Bliss (64) outlined available 
and potential processes for handling 
liquors from the copper and brass in- 
dustry as follows: precipitation, ion 
exchange, extraction, electrochemical, 
electrolytic, and crystallization. Plots 
of variation of constituents vs. time 
were included, as well as a diseussion of 
cost estimating and pilot plant opera- 
tion. Boehner and Mindler (67) re- 
ported that copper and chromium in 
copper alloy pickling wash waters can 
be concentrated 25-fold in a earbona- 
ceous hydrogen exchanger, which is re- 
generated with sulfurie acid. Farrell 
(121) compared grit-blasting with 
pickling for cleaning steel and con- 
eluded that, although blast cleaning 
may eliminate some of the disadvan- 
tages of pickling, its use will be limited 
by production and operating condi- 
tions; each case must be decided on its 
own merits by applying tests that fol- 
low conditions in a given plant. Hicks 
(170) found the efficiency of sewage 
sludge conditioning agents to be, in 
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order: ferric chloride, chlorinated cop- 
peras, ferric sulfate, aluminum sulfate, 
and chrome alum. He states that it 
would be theoretically possible to con- 
dition all the sludge in England and 
Seotland with iron salts from the 
pickle liquor produced there. Chlo- 
rinated copperas is too costly in com- 
parison with the efficiency of ferric 
chloride. He proposed operating elec- 
trolytic tanks in conjunction with pick- 
ling, and calculated that ferric chloride 
could be made by this method for $36 
per ton, as compared with $70 by direct 
chlorination Groen (151) reported 
the results of plant-seale tests at Dear 
born, Mich., on the use of pickle liquor 
and lime to condition raw sewage 
sludge for vacuum filtration and in- 
cineration Pickle liquor filter cakes 
averaged 6.2 per cent less moisture, 
required 8.1 per cent less lime, and 
gave 18 per cent longer filter-cloth life 
than ferrie chloride. Complete data 
on plant runs were ineluded 

Kraicker (221) diseusses the Wheat 
land Tube (o.’s plant for converting 
the pickling liquor waste to ferric 
nF hydrates, zine sulfate, and zine chlo 
; rick The plant cost $500,000 and it is 
claimed that the operation is profitabl 
The raw materials are pickle liquor, 
chlorine, and zine waste, a by-product 
of galvanizing steel pipe 

The Water Pollution Research Board 
377) states that the sludge formed 
from precipitation of iron in pickling 
liquor by the addition of alkali or lime 
‘ould not be dewatered readily by 
filtration. Oxidation by aeration ef 
fected little improvement in the prop 
erties of the sludge. The addition of 
limestone and aeration resulted in slow 
separation of a dense granular precipi 
tate, which filtered readily Upon ad 
dition of sodium earbonate °o pH 6.0, 
and aeration, a fairly granular precipi 
tate of ferric hydroxide was formed 
Addition of chlorine and stirring with 
limestone also produced a dense granu 


ar sludge 
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Plating Wastes 


Gurnham (152) outlined the objec- 
tives of the American Electroplaters 
Society, Research Project No. 10, es 
tablished to investigate and develop 
methods for treating plating wastes 
Dodge and Reams (105) presented a 
comprehensive critical review of the 
literature on plating wastes, citing 700 
references. This work is available 
from the American Electroplaters So- 
ciety as Research Report No. 14. Gurn- 
ham, ef al. (153) outlined reeords to be 
kept in making a survey of plating- 
room wastes. Kelch and Graham (202 
deseribed an electrometric method for 
continuous control of the reduction of 
hexavalent chromium by ferrous sul- 
fate. The system operates through 
linkage of a platinum-calomel and glass 
electrode for control of reductant and 
acid, respectively, which actuate solu- 
tion-feed mechanisms. A diagram of 
the system is given: it is reported to 
operate successfully in practice. Blei 
weis (63) reviewed methods for dis- 
posing of plating wastes. He cited 
specific values for some processes, and 
included a description of the Kaiser 
Frazer disposal plant at Willow Run 
Priester (297) deseribed an installa 
tion for treating a combination of de 
vreasing and plating wastes which in 
volves a combination of acid-cracking 
for the oils and hypochlorite treatment 
of eyanide rinse waters. Before-and 
after values are given. Kominek (218) 
discussed the general principles of 
plating waste treatment, citing operat 
ing costs and techniques, plus useful 
control values. Harrold (155) does 
not approve of treating cyanide wastes 
with acid and discharging the fumes 
to a stack. He recommends (a) la 
gooning; (b) treatment with sulfur 
compounds to form thiocyanates before 
lagooning; (c) oxidation to carbonate ; 
d) oxidation with waste oxidants and 
discharge to sewer; and (e) incinera- 
tion. He claims that the plating waste 
problem is quite simple, involying only 
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judicious scheduling for combining 
acid and alkaline wastes to yield a 
neutral product. Unwin (367) de- 
scribed the New Departure waste treat- 
ment plant built by General Motors 
as an integral part of a new manufac- 
turing plant. The plant produces a 
consistently clear effluent from a mix- 
ture of cutting oils, pickling, and plat- 
ing wastes. Treatment is in two stages, 
with a standard cireular clarifier for 
separation of oils, and a eyelator for 
precipitation of heavy metals after re- 
duction of chromium with ferrous sul- 
fate. Williams (385) described the 
continuous alkali-chlorine system in- 
stalled by National Carbon to treat 
both weak and strong cyanide solu- 
tions. Gipson (138) provided a flow- 
sheet, construction details, operating 
figures, and a process equipment table 
for the alkali-chlorine cyanide disposal 
plant installed by Western Electric. 
Oyler (285) discussed the disposal of 
waste cyanides by electrolytic oxida- 
tion. Conditions of operation are the 
opposite of those for proper plating. 
They embody high temperature, insolu- 
ble electrodes, and vigorous agitation, 
which results in accelerated decomposi- 
tion of cyanide to carbonates and am- 
monia, The process requires a mini- 
mum of attention; recovered metal 
may be used for plating-tank anodes ; 
and solution strength is not eritical. 
(Cyanide is destroyed at an average rate 
of 1 oz. per gal. per day ; but the higher 
the concentration, the higher the rate. 
Sperry and Caldwell (333) also de- 
scribe the electrolytic destruction of 
cyanides and point out that the effluent 
may contain 5,000 p.p.m. cyanates, 
which should be destroyed by treating 
with sulfuric acid until the pH, after 
boiling, remains just below 7. Cost 
data are given. Smith (331) patented 
a process for detoxifying cyanide waste 
liquors, comprising adjusting the pH 
of the liquor to between 5 and 8, insur- 
ing the presence of ammonium ion in 
excess of its cyanide equivalent, and 
oxidizing below 60° C. to ammonia and 
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carbon dioxide. Pettett and Thomas 
(292) studied the effect of eyanides on 
the operation of trickling filters. They 
found that 2 p.p.m. interfered with 
nitrification and 4 p.p.m. resulted in an 
inerease of B.O.D. in the effluent. At 
concentrations up to 10 p.p.m., 98 to 
100 per cent of the eyanide was de- 
stroyed in the filter. Sudden applica- 
tion of 30 p.p.m. inhibited nitrification 
and led to an effluent of extremely poor 
quality; on continued application of 
sewage containing this concentration 
the filter gradually recovered and pro- 
duced an effluent of satisfactory qual- 
ity, free from cyanide. 


Water Softening Wastes 


The disposal of wastes from both 
lime-soda and zeolite water softening 
plants is now a recognized industrial 
waste problem. Black (62) reports on 
the extent and types of problems in- 
volved in the disposal and recovery of 
lime-soda softening plant sludges. In 
addition to the usual methods of dis- 
posal, such as lagooning and dilution 
into water courses, 4 other possible 
methods are described, some of which 
are so new that their practicability 
has not been established. The sug- 
gested methods are: (a) utilization of 
sludges as a precipitant for primary 
sewage treatment ; (b) dewatering, dry- 
ing, and pulverizing for use by agri- 
culture and industry; dewatering 
and recaleining in small stationary 
kilns for small softening plants; and 
(d) dewatering and recaleining in 
large rotary kilns for large water treat- 
ment plants. 

The disposal of zeolite softening 
brines can cause serious difficulties if 
insufficient dilution is afforded by the 
sewage system or receiving stream. 
Some instances of brine disposal 
troubles are described, and several 
methods of disposal (such as evapora- 
tion ponds, controlled dilution, and 
disposal wells) are discussed. The con- 
clusion reached by the committee is 
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that controlled dilution offered the 
hest method oft brine disposal in most 
instances 
Ca 


Washings 


industrial waste from 
operations is de- 
Gutzeit 154 
many types of products are shipped in 


An unusual 
tank car cleaning 
eribed by Because 
the cleaning wastes are simi 
to those from the 
hemical, coal tar, petroleum 
The problem of 
is further complicated be 


tank cars 
ar im composition 
ombined 
and food industries 
treatment 
cause waste flows are extremely vari 
able. Oil wastes, which predominate, 
are settled to remove sludge and free 
Hoating oil. After pH adjustment to 
1.5, powdered coal is added to adsorb 
and phenols and the 
mixed in turbo-mixers, Coal 
and adsorbed oil is removed by flota- 
tion and thickened for use as fuel, the 
effluent being either reused. ponded, or 
Another in 


remaining oils 


waste 18 


discharged to the stream 
stallation, treating similar wastes, sep 
arates caustic tank car wastes for dis 
other 
wastes are treated with ferrous sulfate 


posal by solar evaporation; 
and lime and the effluent lagooned for 
disposal by seepage and evaporation 
Effluent from the 
systems are not given. 


qualities described 


C'rde r astes 


The treatment of wastes from cider 


manufacture is reported by Jones 
199 Experimental work was con 
ducted 


cider, 


with a per cent solution of 


either alone or mixed with an 


equal volume of sewage, on a single 
trickling filter or a single recirculated 
filter and application rates from 20 to 
100 g.p.d. per cu. yd. with a B.O.D. of 
the cider-sewage mixture varying from 
650 to 1,060 p.p.m. At the rate of 
10 g.p.d. per cu. yd. the effluent had a 
B.O.D. of 6 to 7 p.p.m. by either SYS 
tem At a 60-gal. rate the effluent 
from the recirculated filter was supe 
rior, but with a B.O.D. of 1,060 p.p.m 


AND INDUSTRIAL WASTES 
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4 60-gal. rate gave effluent of 116 p.p.m. 
B.O.D 

Cider has an 
tent of 32,500 p.p.m. and only 10 p.p.m. 
of total nitrogen. Accordingly, the 
treatment of diluted cider without sew- 
age or additional 
B.O.D 
of inorganic nutrients gave improved 


organic earbon con 


nitrogen gave 


poor 


reductions, whereas additions 


results. 


Coffe Wastes 


Brandon (73 reports that coffee 
processing wastes treated with stand- 
ard coagulants gave B.O.D. reductions 
4) per cent and produced 
sludges. Anaerobie fer- 
reduced the B.O.D. from 
1,760 to 800 p.p.m. in 4 days and to 
270 p.p.m. in 12 days. A unique coffee 
processing and waste treatment pilot 
plant is described in which the effluent 
from a recirculated filter was reused to 


of less thar 
voluminous 
mentation 


process the coffee cherries. Reciren- 
lated filters reduced the 3.O.D. of the 
wastes more than 95 per cent and 


settled effluents when reused gave no 
significant impairment in the quality of 


the p ocessed coffee 


Sisal Wastes 


The Water Pollution Research Board 
377) reported that the reuse of waste 
waters from fibers, 
after sereening and filtra- 
tion, would solve the pollution problem. 


processing sisal 


biological 


The waste contains large quantities of 
dissolved organic matter derived from 
the non-fibrous portion of the sisal leaf, 
which is removed from the decorticat- 
ing machine by Difficulties in 
treating the waste water would be 
ereatly reduced if a me thod of dry dle- 
cortication is used with only the fiber 


water 


Fiber washings after 
dry decortication had a B.O.D. of 180 
p.p.m., whereas wet decortication wash 
ings had 1,540 p.p.m. B.O.D. 


being washed. 


(frrain Washing Wastes 


Mixed wheat washing waters from 
two mills had B.O.D. values of 270 and 
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515 p.p.m., suspended solids of 450 and 
2,580 p.p.m., and volumes of 784 and 
211 (Imp.) gal. per ton of wheat, re- 
spectively (377). Barley steep wa- 
ters for the production of malt had the 
following B.O.D. values; first steep 
liquor, undressed barley, 4,470 p.p.m. ; 
third steep liquor, undressed barley, 
770 p.p.m.; and first liquor, 
dressed barley, 720 p.p.m. 


steep 


Beet Sugar Wastes 


In an article on beet sugar manu- 
facturing problems, Allen, ef al. (12) 
show some of the manufacturing prob- 
lems connected with sugar extraction 
in the diffuser batteries. Chemical 
changes, organi¢ acid production, and 
sugar losses are brought about by the 
fermentation of the sugar by thermo- 
phylic bacteria. It is intimated that 
the undesirable conditions are inten- 
sified by the reuse of water in the bat- 
teries, and some suggestions are made 
for bacteria control. 


Water Pollution 
Abatement and Control 


Water pollution legislatien was 
adopted in a number of states during 
1949. California (19) passed an Act 
which provided for a 13-man board 
with 9 regional boards. New York and 
Vermont (381) each passed Acts which 
enabled the state to join the New Eng- 
land Interstate Water Pollution Con- 
Michigan (40) broad- 
ened its law and increased penalty 
fines. Instead of the 5-man Stream 
Control Commaission, Michigan now has 
a 7-man Water Resources Commission, 
authority being increased to cover 
eround waters, flood control, and beach 
erosion. Bloodgood (65) eoneurs in 
the trend towards broad powers for 
state control boards. 

Fleming and Ewing (127) outlined 
the National Water Pollution Program 
as authorized by Public Law 845, 80th 
The Publie Health Service 
with its Water Pollution Control Ad- 


trol Commission. 


Congress 
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visory Board, the Water Pollution Con 
trol Division in Washington, the En- 
vironmental Health Center in Cincin- 
nati, and 14 river basin offices, is 
administering the financial and techni- 
cal assistance to states. State responsi- 
bility is recognized. No grants or 
loans were appropriated. Hart (156) 
reviewed the Water Pollution Control 
Act from the standpoint of petroleum 
refineries and indicated that the in- 
dustry should examine its position and 
plan now for necessary treatment 
plants 

Bloodgood (66) stated ‘‘in general, 
the court evidence gives backing to the 
law,’’ in reference to stream pollution, 
but indicates a need for a compilation 
of all available court evidence that 
shows the condition of streams de- 
clared to be polluted by the court. 
Murdock (268) indicated that water 
works legal departments must consider 
riparian rights, nuisance laws, and 
statutory laws dealing with stream 
pollution, regarding protection of wa- 
ter supplies from pollution. 

Watson (378) describes the various 
types of interstate compacts, commis- 
sions, and committees for water pollu- 
tion control as of September 1, 1948. 
There were four compacts operating 
with the concurrence of the federal 
government, one interstate agreement 
(Ineodel), and three additional infor- 
mal pollution control instruments, in- 
volving 21 states and the District of 
Columbia. The Ohio River Compact 
(378) (18) has authority for the is- 
suance of orders. It requires a mini- 
mum of 45 per cent suspended solids 
removal from domestic sewage and in- 
dustries can probably be compelled to 
provide similar primary treatment. 

The New England Interstate Water 
Pollution Control Compact, as de- 
scribed by Scott (320) and Weston 
(381), during 1949 increased its par- 
ticipating states of Massachusetts, Con- 
necticut, and Rhode Island, by adding 
New York. This compact operates with 
enforcement by the individual states 
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order of the 
Streams are classified as A, 


where necessary, not by 
compact 
Cc, Oo! 


Many streams in Massachusetts (381 


1D) on the basis of stream use 


will require complete sewage treatment 

plants, including effluent chlorination, 

in order to be improved to Class C 
Allen (10 


the Interstate Commission on the Dela 


deseribed the activities of 


ware River Basin ( Ineodel as Coo! 


dinating existing agencies of state and 
York, New 


Delaware. 


governments in New 


local 
Jersey, Pennsylvania, and 
with reference to stream pollution and 


tion of the Delaware River 


eonserva 


and its tributaries. Philadelphia and 
Camden have under way construction 
programs totaling $75,000,000, and a 
program involving $35,000,000 of state 


and $20,000,000 of Federal funds is 


under mining 
wastes on the Schuylkill River in Penn 
svivania (26 

The Interstate 


way to clean up coal 


Commis 
New York, New Jersey, and Con 
Was deseribed by Hess 165 

concerned with the 
and tidal boundary 
definite 


and physical 


Sanitation 
sion 
necticut 
as being only 
coastal, estuarial 
waters, It has established 
ohe mical, bacteriological 
standards for these waters and ean is 
sue orders to meet requirements. 

The first annual report of the Ohio 
Valley Water 


has 


Sanitation Commission 


established standards of 
treatment for the areas in 
Cincinnati, Pittsburgh, 
The 
(ommission also undertook joint studies 
of 


special 
the vicinity of 


and Huntington-Ashland-Irontou 


ou pollution in the basin and a spe 
cial study of the Wabash River. 
on lists of pollution offenders from the 


S states, 


Based 


issued to 
1,159 municipalities and 1,422 indus 
tries 

LeBosquet (231 
treaty 


notifications were 


deseribed the 1909 
between the United States and 
Canada, and the 1913 and 1946 surveys 
of the St 
vey was a Joint undertaking involving 
several federal, 


Clair River. The latter sur 


state, and provincial 
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Final conclusions of the In- 
ternational Joint Commission have not 
vet been submitted to the governments 
of the two countries. 

Pond (294) has pointed out the im- 
portance of proper conservation and 
use of water resources. He indicates 
the necessity for planning by all in- 
terests, the setting of standards for wa 
ter uses, and the development of a real- 
istic and effective program to conserve 
water. An editorial reports (21) that 
the sum of $850,000 has been allotted 
to the states, territories, and District 
of Columbia for grants to study water 
pollution resulting from industrial 
In addition, $150,000 was al- 
lotted to state and interstate agencies 
for special studies and $1,200,000 to the 
Publie Health Service for operation, 


research, 


agencies. 


wastes, 


administration, plan- 
Another editorial (23) indicates 
that 42 states have anti-pollution laws 
and that these vary greatly in the con 
trol powers granted. 
Winget (390 
the relation of industry to stream sani- 


hing 


389 in discussing 
most industrial 
wastes, such as those from the pulp and 
paper industry, are not a health menace 
or bacterial pollution problem; (b) in- 
dividual industrial waste treatment 
procedures and facilities have to be 
developed in the laboratory; and (ce) 
industrial waste treatment cannot be 
finaneed by public funds, but must be 
paid for with operating funds. 
Milligan (257) indicated that the 
Pennsylvania Sanitary Water Board 
requires a definite percentage redue- 
tion in B.O.D 
ment; 55 per cent for primary treat- 
ment and 85 per cent for complete 
treatment. The Board also plans to es- 
tablish standards, in pounds of B.O.D. 
pollutant, for each of 16 types of in- 
dustrial wastes. Editorial comments 
22) (25) indicate that Pennsylvania 
has obtained cooperation from 47 col- 
lieries on the Schuylkill River, 114 of 
156 on the Susquehanna River, and 6 
on the Lehigh drive to 


tation, points out: (a 


as the criteria of treat 


River in a 
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eliminate anthracite pollution, The 
program on the Sehuylkill will cost 
$35,000,000, has resulted in 99.9 per 
cent reduction in solids in the river, 
and should result in $15,000,000 of 
salable anthracite fines. 

Kittrell (209) and Clark (86) de- 
scribed the stream sanitation program 
of the T.V.A., indicating that, although 
not directly concerned with water qual- 
itv of the streams, the T.V.A. assists 
state agencies in surveys, planning, 
educational activities, and public rela- 
tions. Fox (130) states that 5 indus- 
tries on the Buffalo River have in- 
stalled expensive plants for treatment 
of oil and acid wastes. These indus- 
tries also agreed to buy Lake Erie wa 
ter from the Buffalo Sewer Authority 
for cooling purposes and to discharge 
spent water into the Buffalo River to 
supplement low flow periods. 

Sulfite waste liquors cause a large 
part of the total pollutional effect in 
the Androscoggin River as described 
by Chase (84). There is an apparent 
benefit in odor control by the addition 
of sodium nitrate to the river. 

The Washington State Pollution 
Control Commission (20) (376) found 
dangerous contamination by sewage 
of all Puget Sound and Elliott Bay 
beaches, with 100 sewer outfalls dis- 
charging into the Sound. 

Hoffert (176) and Kolasinki (217) 
point out the importance of effecting 
the removal of industrial wastes from 
streams, the latter particularly stress- 
ing means of handling waste sulfite 
liquor. Warrick (375) enumerated 
the principal industries causing pollu- 
tion problems in Wisconsin as can- 
neries, paper mills, and dairy estab- 
lishments, and mentioned the progress 
in waste treatment in these industries. 

Kittrell and Thomas (210) explain 
the legal aspects of the government’s 
liability regarding damage by flood- 
ing to existing water supplies in con- 
nection with impoundments. T.V.A. 
was required to furnish a supply equal 
in quality to the previous supply to 
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any community whose system was ac- 
tually flooded. Beneficial effects of 
impoundage enumerated were: more 
nearly constant stream flows; reduc- 
tions in coliform concentrations, tur- 
bidity, alum requirements, and chlo- 
rine demand; and reduced fluctuations 
in characteristics, such as hardness, 
alkalinity, pH, color, and manganese. 
Adverse effects of storage have been: 
color removal, density currents, strue- 
tures in navigable channels, and tastes 
and odors. 

Woodward and LeBosquet (392) 
also point out improvements and dam- 
ages to water quality as a result of res- 
ervoir operation. Improvements may 
result due to: (a) increased dilution 
of wastes due to increased stream flow, 
(b) prevention of injurious minimum- 
flow conditions, and (cc) reduction of 
temperature of streams used for cool- 
ing water. Damages may include: 
(a) contaminating upstream water sup- 
plies by impounding free-flowing tribu- 
taries to the reservoir, (b) possible 
heavy algal growths, and (c) great 
fluctuations in stream flow if the res- 
ervoir is operated for power genera- 
tion. Benefits and damages may be 
estimated in monetary terms in most 
cases, 


Biology and riclogy 


Cohn (90) recommends that aquatic 
biologists and limnologists work with 
sanitary engineers and chemists to ar- 
rive-at an adequate understanding of 
stream conditions and the effects of 
pollution. 

Henderson (163) showed that al- 
though the lower Shenandoah River is 
relatively free of pollution by ae- 
cepted physical, chemical, and bac- 
teriological standards, it contains vir- 
tually no fish or other aquatie animals 
because of toxicants from industrial 
wastes. The Surber bottom sampler 
is a useful device to evaluate the im- 
pact of pollution on fish-food organ- 
isms, and consequently on fish. 

The role of the algologist in safe- 
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guarding municipal and industrial wa- 
ter supplies Taft 


351 By 


was outlined by 


predicting algal blooms, 


ilgicidal treatment can be initiated 


before serious difficulties arise. 
the 
ol hydrographie and chemical condi 


tions of 


Johnson 198 effect 


discussed 
lakes on the biology of planl 
fon po vulations and their vertical and 
lateral movements 
fluctuation of the 


The position and 
heaviest concentra 
tions of Pp ankton should be considered 
from which wa 


in determining levels 


ter for domestic use should be drawn 
Abbott 2) found that the 
production of oxygen by the 


developing cultures of very 


rate of 
freely 
mixed 
small algae in sewages containing trade 
wastes is proportional to the quantity 
produced and pro 
portional to t 

Moyle (267 
treatment of 4 
sulted 
tion 


already inversels 
he time elapsed 
reported that algicidal 
Minnesota lakes re 
in an increase in fish produ 


over 5 adjacent untreated lakes 
Apart from an apparent increased tol 
erance of Aphanizomenon to the cop 


per sulfate algicide, it appeared that 


ordinary algae control had little effect 
on plankton and aquatic seed plants 
The toxic effect of 


in bottom 


copper accumula 
muds is, however, stil] 


unknow! 


Lackey 2 inl finds plankton blooms 
occurring at any time of the vear when 
optimal light, temperature, pH, and 


food especially inorganic nitrogen 
and phosphorous) oceur The st 

inadequate algae control methods fail 
to completely prevent blooms, result 


ng in acute 


Fur 


fural derived from the methyl pentosan 


nuisance conditions 


content of the phytoplankton of some 


waters was determined in some acidi 
fied water samples by Skopintss v 

29 The furfural varied from a 
few to 100 p.p.b. in Russian river and 


lake waters, and up to 600 p.p.b n 
swamp waters 
Allen and Wheatland (11 


found that evanogen 


Blezard 
hloricde and at 
nown substance 


other unt toxic to rau 


AND INDI 


STRLAL WASTES 


bow 


the 
nides and thiocyanates in gas liquor 


trout are formed when eva 
effluents are treated with chlorine doses 
smaller than that required to give a 
chlorine residual. 

MeKernan, et al 248 
attributed the 


oyster 


aiter a 
thorough studs decline 
ot the 


lower P 


Olympia industry in 
sulfite waste 


Ovsters 


iget Sound to 
liquor (S.W.L.) pollution. 
subjected for 575 days in 13.0 to 128.9 
of S.W.L 
harmed; tolerance lies between 
13.0 p.p.m. S.W.L. <A modifiea- 
tion of the Pearl-Benson for 
S.W.L. was presented, which consisted 
in the application of photoelectric 
colorimetry, together with methods of 
minimizing the effect of the 
water color. 

Van Horn pointed out that 
efficient kraft pulping operations can 
prevent toxic the 
the 


were definitely 
zero 
and 


test 


variable 


(368 


concentrations of 


sodium salts of resin acids and of 


blowdown condensates from reaching 
streams 

Experiments testing the toxicity of 
DDT. benzene hexachloride, chlordane. 
and chlorinated phenol insecticides ap 
plied as various emulsions and solu 
Alaskan salmonids, 


tions to various 


were reported by Gjullin and 
DDT in acetone and fuel 


chlordane in 


Cope 
Strom (95 
oil solution, acetone and 
fuel oil, and toxaphene in acetone, were 
effective blackfly toxicants likely to be 
to fish and fish-food organisms 
Hoffman Surber (177 


that aerial application of a 


safe 

found 
DDT-oi! 
spray of 1 lb. per acre in two Pennsy!]- 
killed fish 


species in ponds, lakes, streams. 


and 


vania watersheds several 
and 
Three days after spraying, 70 to 80 
per cent of the stream insects, inelud- 
ing fish-food organisms, were destroyed 
Toxicity to amphibians was negligible, 
but mortality of water snakes was high. 

Chang (82 


the possible 


dissemination of cysts of the dysentery 
amoeba nn water 


inadequate supply 


systems and Briges 
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Ketchum, Carey, 


conclude that an organic, heat 
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labile, antibiotie probably produced by 
marine bacteria rapidly reduces the 
number of coliform organisms in do- 
inestic sewage disposed into sea waters 
and estuaries. Further study of this 
antibiotic and adequate knowledge of 
principles governing the mixing of wa- 
ter masses are indicated in order to 
plan efficient marine sewer outfalls. 

To produce and market oysters suit- 
able for U. S. Public Health Service 
certificaton, the Virginia Health De- 
partment (372) regulates all phases 
of oyster culture, preparation, and dis- 
tribution. 

Wilson (388) observed that the mi 
crobiotic agents of self-purification in 
streams are found in the same gradi- 
ents in sewage treatment plants. These 
organisms are divided funetionally 
into binding, free-living, and scouring 
groups, the successions of which are 
affected by food supply and dissolved 
oxygen content. A DDT emulsion, 
equivalent to 1 p.p.m. of the total 
daily sewage flow, controls filter flies 
without the destruction of the biologi- 
eal film. Bartsch and Churchill (53) 
found no abrupt biological improve- 
ment in the North Fork of the Flam- 
beau River near the artificial reaera- 
tion site, but improvement in the down- 
stream recovery zone is accelerated. 
The sulfite pulp effluents have an im- 
mediate toxic effect on most organisms, 
and alter the biological picture for 20 
stream miles. In downstream areas, 
the organisms increase and reach a 
population peak which is followed by 
a linear decrease as their biochemical 
activities change the degree and char- 
acter of pollution. 


Chemistry 


In a symposium on the oxygen bal- 
ance (266), Moses gave a general out- 
line of the D.O. and B.O.D. tests as ap- 
plied to streams; MeQueen discussed 
sampling, preservation and 
handling, and the subsequent effect 
these steps have on the reliability of 
b.0.D. and D.O. data; Madison advo- 


sample 
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cated the use of an oxygen consumed 
test in the evaluation of industrial 
wastes. Kononoy (219) noted greater 
utilization of oxygen by dilutions of 
Moscow River water than was used by 
the undiluted river water and con- 
cluded that this effect was caused by 
the presence of a toxic substance in the 
river water. The study of such effects 
was recommended as a criterion useful 
in ascertaining the presence of toxic 
materials. 

Ruchhoft and Ettinger (307) dis- 
cussed factors bearing on the trans- 
portation or destruction of industrial 
wastes in surface waters, and the sub- 
sequent control or accentuation of 
tastes and odors, due to such mate- 
rials, by various water treatment proc- 
esses. 

Besozzi and Vaughn (61) discussed 
the problem of producing a palatable 
drinking water at Whiting, Indiana. 
The raw water is polluted by both in- 
dustrial wastes and domestic sewage. 
All available water treatments were 
tried. Activated carbon treatment was 
the only method which gave a satis- 
factory product. Relief from the pol- 
lution load due to the sewage is ex- 
pected. 


Stream Standards 

There appears to be a marked trend 
toward stream zoning. Agar (6) cited 
the details of recent New York legisla- 
tion, which requires stream zoning on 
the basis of the interests of the public 
after public hearing. Quality stand- 
ards are to be fixed on the basis of zon- 


ing allocation. The West Virginia 
Water Commission (383) reported 


zoning action in the Potomac basin. 
Criteria for zoning are based on the 
use of the water for publie supply, fish 
culture, or recreation. Weston (381) 
reports an agreement made in 1946 
between the engineers of Massachusetts 
and Connecticut for classification of 
their interstate waters on the basis of 
stream usage. Weston further reports 
that no streams leave Massachusetts 
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standards are based on the 
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streams involved 


standards for dis 
Cincinnatt pool by the 
Ohio River Valley Sanitation Compact 


Substantially com 


reported recent trene 
oposed standards o 
nd discussed trends in the fur 
ther development of standards 


the evaluation 


short-time discharges 
bacteriological 
recommendations 


maximum tolerances o 
and Nelf-Purification 

presented a method 
o stream data, employing nomo 


introduction of a third 
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flow. Howland (154) pointed out that 
Thomas’ sag method had much in 
common with a method of calculation 
previously presented by Howland 
Thomas (354) agreed that Howland’s 
method had a great deal of merit, but 
maintained that his formulation (353 
was better adapted for application to 
streams of rapidly changing charac 
teristics 
Streeter (346) presented a nomo- 
graphic method for solving the oxygen 
sag equation. Velz (371) considered 
sludge accumulation, run-off, and 
stream velocity as factors affecting the 
oxygen sag. Gotaas (144) found that 
up to 25 per cent of sea water increased 
rates of biological oxidation. Further 
increases in the concentration of sea 
water resulted in decreased rates of 
oxidation. The sea water concentra 
tion did not affect the magnitude of the 
first-stage B.O.D. 
Nothlich (279) pointed out factors 
affecting the oxygen balance of the 
Elbe River below Hamburg. The do 
mestic sewage of Hamburg is given 
primary treatment. A dilution factor 
of 20: 1 for waste given primary treat 
ment is considered satisfactory. Oxy- 
gen absorption of 4 to 5 g. per sq 
meter per day is considered a further 
eriterion of satisfactory der omposition. 
Kooijmans (220) discussed the pol 
lution and self-purification of the 
River Vecht. This river is especially 
important because it eventually be 
comes a part of the water supply of th 
city of Amsterdam 
Ettinger and Ruchhoft (119) found 
that the aerobie destruction of phenol 
and eresols in natural waters is largely 
the result of biochemical attack. Fae- 
tors controlling the rate of attack on 
such materials are discussed and curves 
are presented which permit estimate 
of the low-temperature persistence of 
phenolic materials. Kemp (203) pre- 
sented a detailed report of damage 
done in the Potomac basin by pollu- 


tion resulting from soil erosion 
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STATUS OF MUNICIPAL TREATMENT IN OHIO BASIN 


Only 11 per cent of the cities over 
0,000 population in the area encom- 
passed by the Ohio River Valley Water 
Sanitation Commission are catalogued 
as ‘‘having taken no action’’ toward 
the installation of sewage treatment fa- 
cilities. This was revealed at a recent 
meeting of the Commission, where re- 
ports from 311 municipalities were 
compiled from the sanitary engineer- 
ing departments of the eight signatory 
states. 

This record was cited by a Commis- 
sion spokesman as encouraging evi- 
dence that the states are aggressively 
promoting pollution abatement meas- 
ures in the basin. He said, however, 
that this did not mean that anyone 
could be complacent, as only 76 cities 
actually have proper treatment works; 
another 31 have plants, but they are 
inadequate. Faster progress was 
urged on the part of the 144 communi- 
ties now preparing plans for construc- 
Tion 


Elected to take office in July, 1950, 
as chairman of the Commission was 
Henry Ward, commissioner of conser- 
vation in Kentucky. Mr. Ward has 
been vice-chairman of the Commission. 

Succeeding Mr. Ward as vice-chair- 
man is Clarence W. Klassen, technical 
secretary of the Illinois Sanitary 
Water Board and chief engineer of 
the Illinois Department of Public 
Health. F. H. Waring, chief engi- 
neer of the Ohio Department of 
Health, re-elected secretary. 
Robert K. Horton, sanitary engineer 
on the staff of the Commission, was 
elected to serve as treasurer. 

The Commission received a prelimi- 
nary report, by H. W. Streeter, on 
bacterial quality objectives to be 
sought in connection with water sup- 
ply and bathing uses of streams in the 
basin, and approved a_ basin-wide 
sampling program designed to secure 
the picture of present water quality 
conditions. 
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TREATMENT OF DISTILLERY WASTES * 


By Auex B. Davipson 


Chemical and Sanitary Engineer, 


The treatment of industrial wastes is 
becoming even more important as popu 
lation and industry continue to grow, 
as evidenced in the past several years 
by the decided increase in legislation 
One of 
the foremost examples of such is the 
Ohio Valley Water Sanitation 
Compact which beeame effective in 
1948 As the majority of the 
nation’s distilleries are in the Ohio 
Valley, it that treatment 
and disposition of their wastes can be 
The Com 


which 


regarding stream pollution 
River 
June 
Is apparent 


very important in this area 
monwealth of Kentucky alone, 
the 


country’s Bourbon whiskey, has some 


produces major portion of the 
of which are eon 
Blue 


population 


60 distilleries, most 
cregated in the central or 
which have a 
7.800.000, The 


Grass 


area, and 


equivalent of present 


pop iilation of 9 800.000 


Kentucky is 
all contributing to the drainage area 
covered by the Ohio Valley Compact 
ich ineludes a total population of 


whi 
20) 000,000 f 


It is apparent that if most 
distilleries did not utilize some method 
of waste treatment or recovery there 
a serious load on the streams 


would he 
the distillery in 


of the 


dustrv alone 


state from 


The Distillery Process 


The product of distilleries is quite 


well known. However, its method of 


manufacture may not be quite as fa 
Annua 
Works 


October 17-20, 


Associations; 


1949. 


eration of Sewage 


ton, Mass. ; 


Schenley Distillers, Inc., 


Meeting, Fed- 
I 


Cincinnati, Ohio 

miliar. As shown in Figure 1, the first 
step in the process is the grinding or 
milling of grains to form meal. Vari- 
ous types of whiskies use different raw 
materials, but for Bourbon whiskey the 
are rye, and 
barley malt, the usual amount of eorn 
eent. After the 
corn is ground it is dropped into the 


main ingredients eorn, 


being about 75 per 
“ooker with approximately 20 gal. of 
water bushel) to form a 
This material is then cooked for a pe 
riod of from 15 min. to 1 hr., depend- 
ing on whether the cooker is an open 


per mash 


atmosphe rie type or a closed pressure 
cooker. After the corn mash is cooked 
it is cooled by vacuum and the rye is 
The malt is added immediately 
the 


added 
after, 
the mash to sugar 

The mash is then cooled still further 
and pumped to the fermenters, where 


which converts starches in 


’* are added as a 
(The ‘‘ back 
distilled 
> is added as veast nutrient and 
measure of p!I control. The 
mash is allowed to ferment for 3 to 4 
days until all of the 
converted to alcohol Th 


yeast and ‘“‘back slop 
prelude to fermentation 
slop,’’ which is previously 
‘heer,’ 
as a 
sugar has been 


s fermented 


mash, now known as “‘beer,’’ is 
dropped into a large tank or pit known 
as the ‘‘beer well,’’ where it is ready 
to be distilled. The tall 


hollow eylinder equipped with numer- 


still is a 


ous perforated plates and heated by 
steam at the bottom. The beer enters 
near the top of the still and as it 
works its way downward against the 
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FIGURE 1.—Simplified flow diagram for Bourbon whiskey distillery and grain 
recovery plant. 


rising steam vapors the aleohol is 
stripped from it leaving the still at the 
top in the form of vapor where it is 
condensed as a raw form of whiskey 
or spirits. The de-aleoholized beer, 
which emerges from the bottom of the 
still, constitutes the waste that must be 
recovered or disposed of in some man- 
ner. This material is known as ‘‘spent 
mash,’’ ‘‘slop,’’ ‘‘stillage,’’ ete 


Spent Mash 


The characteristics and analysis of 
spent mash depend on many variables 
in distillery practice. The strength of 
the beer fed to the still may be be- 
tween 33 and 45 gal. per bushel of 
grain mashed, depending on the par- 
ticular formula used, which of course 
will vary the solids and B.O.D. con- 
tent of the spent mash considerably 
The type of whiskey and the variation 
of raw materials will also change these 
properties of spent mash. In general, 
the B.O.D. of this material will be be- 
tween 20,000 and 50,000 p.p.m. and 


the solids content will vary from 5.5 
to 11.5 per cent. It is definitely on the 
acid side (pl 3.6 to 4.6) and is very 
corrosive to equipment. The waste also 
contains a certain amount of copper, 
as copper equipment and lines are 
used extensively in distilleries to com- 
bat corrosion. Many methods of dis- 
posing of spent mash have been dis- 
eussed in the literature (1) (2) (3) 
and several different methods are in 
common use today in the industry. It 
is obvious from the high solids and 
B.0.D. content of the material that it 
could not be handled very successfully 
by present methods of sewage treat- 
ment (such as trickling filters, acti- 
vated sludge, or anaerobic digestion) 
as a sole means of treatment, as even 
%5 per cent reduction of the B.O.D. 
still gives an effluent containing 2,000 
p-p.m. B.O.D., which in most cases 
would be too strong to discharge. Past 
and present work indicates that the 
material might be handled fairly suc- 
cessfully by means of digestion as 4 
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pretreatment and trickling filters for 
a final treatment. However, it is gen- 
erally more economical to reeover the 
available proteins, yeasts, vitamins, and 
other values contained in the spent 
mash and practically all distillers re- 
sort to methods of disposal which util 
ize this material 

The 
disposal or 


two prevalent forms of 

utilization today are by 
cattle feeding in the wet 
form, or drying and evaporating the 
form dried feeds for cattle 
and poultry. 


most 
means of 


mash to 


Cattle Feeding 


Many small distilleries feed the spent 
mash in liquid form to cattle in large 
pens near the distillery, or haul it to 
nearby farms. This method does not 
involve a large capital investment in 
equipment as does a modern drying 
plant. The number of cattle required 
is usually one head per bushel of grain 
Cattle pens are 
arranged so that the drainage of 
manure and urine from the cattle is 
collected in large ponds, which are 
cleaned periodically with the dredgings 
being used for fertilizer. This system 
has its drawbacks in the nature of 
odors and flies, and also the danger of 
the pond leaking or washing out a 
bank so that the strong waste will flow 

However, if consider 
available, not too 


mashed generally 


into a stream. 


able land is near 
populated areas, and drainage condi- 
tions are such that the ponds can be 
protected, this method of disposal can 


be quite successful 


Drying 


Most of the larger distilleries dis 
pose of their spent mash by screening, 
drying, and evaporation, with the con 
sequent of dried 
sale as cattle and poultry feed 

A simplified flow sheet of the dry 
house operation is shown in Figure 1. 
Briefly, the 
through several types of screens and 
presses so that the sereenable material 


recovery grains for 


spent mash is passed 
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ean be dried in a rotary dryer to 
emerge as light grains and the thin 
unsereenable spent mash can be evap- 
orated to a form of syrup, which is 
dryable on a drum dryer or in com- 
bination with previously dried light 
grains in another rotary dryer. 


Screening and Pressing 


In the processing of the spent mash 
reduce the water 
content as much as possible before the 
This is the reason 
for the large number of screens seen 
at present day distilleries. The ma- 
terial entering the dryhouse generally 
passes gravity 
screens first. A portion of the spent 
mash which passes through the first of 
these screens is sent back to the fer- 
menter room as the ‘‘back slop’’ to 
the fermenters. The gravity 
are merely inclined troughs with a false 
bottom of perforated plate or wire 
mesh. As the spent mash flows over 
the screen a considerable quantity of 
the thin watery material passes through 
to be collected in a ‘thin slop’’ tank 
and the portion 
passes on over the end of the screen. 

The from the gravity 
screens are then fed to a more efficient 
mechanical 
which are in use today 


it 1s economical to 


drying operations. 


over several sets of 


screens 


heavier screenable 


screenables 


sereen, several types of 
One, known 
as the drag screen, is very similar to 
the gravity screen, except that wooden 
paddles or blades are automatically 
dragged down or up the screen, squeez- 
ing and more of the thin 


liquid from the waste material.  Vi- 


scraping 


brating and gyrating screens are also 
They are nothing 
with a 
perforated bottom and as the box vi- 
brates or gvrates the thin material is 
shaken out of the heavier mash. The 
screenables from this operation gen- 
erally contain about 83 per cent water. 

These sereenables are next pressed 
or squeezed to reduce further the wa 
ter content. The old-style roll press 
accomplishes this by squeezing the 


extensively used 


more than a_ box screen or 
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screenables between two sets of rolls 
as they pass through on a perforated 
metal belt. The press most widely 
used at present consists of two per- 
forated dises set at an angle to form 
a V. The screenables are dropped into 
the slowly rotating discs and as they 
pass on through the nearly closed end 
of the V, much of the water is squeezed 
out. The material from the presses is 
known as ‘“‘press cake’’ and contains 
from 65 to 70 per cent moisture. This 
material is now ready to be dried. 


Drying and Evaporation 


The heavy pressed grain from the 
presses (the press cake) next passes 
into rotary steam-tube dryers, which 
consist of long horizontal cylinders 
lined with steam tubes. The cylinders 
are inclined very slightly so that as 
they slowly rotate, the press cake, 
which is fed into the upper end, gradu- 
ally travels down the dryer, the 
rotating action causing it to contact 
continually hot steam tubes and gradu- 
ally become dry. When it emerges 
from the dryers the dried grain usually 
contains about 8 per cent moisture 
and is ready to be packed for shipment 
as stock feed. 

All the liquid (thin slop) removed 
from the various screening and pressing 
operations is collected in a tank and 
treated by means of evaporators. This 
material contains from 2.5 to 5.5 per 
cent solids, most of which are dissolved. 
The evaporators reduce the water con- 
tent to approximately 70 per cent so 
that the thin spent mash reaches the 
consistency of syrup, which can then 
be dried in either of two ways to give 
two different end products. It may 
be fed to a drum dryer and dried by 
itself to give a premium produet known 
as dried solubles. A drum dryer con- 
sists of two large, steel, steam-heated 
drums turning toward each other. The 
syrup falling between the drums is 
dried on the surface in the form of a 
sheet, which is scraped off by a knife 
arrangement. If drum dryers are not 
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available, the syrup may be added to 
previously dried grains and passed 
through the rotary dryers to deliver 
a product known as dark grains 

The dryers and the evaporators are 
the heart of the drvhouse system, the 
whole theory and sequence of opera- 
tions being built around them. The 
main purpose of the dryhouse is to 
remove moisture from its raw material 
(spent mash) as economically as pos- 
sible. Because screening and pressing 
is purely a mechanical action, and also 
is the cheapest operation, it explains 
the large number of screens and the 
great attention given to new types of 
presses. 

Dryhouse processing cost can be 
measured somewhat by pounds of 
steam used, the various types of drying 
and evaporating equipment being far 
different in their steam economies. 
The multiple-effect evaporators in gen- 
eral use are the most economical, remov- 
ing approximately 2.25 lb. of water for 
every pound of heating steam supplied ; 
in the rotary dryers 1 lb. of steam will 
remove only 0.85 Ib. of water; and in 
the drum dryers, which are the least 
efficient of all, 1 lb. of steam will re- 
move 0.65 lb. of water. This is the 
reason for attempting to remove as 
much moisture as possible in the sereen- 
ing and pressing operations so that 
there will be less water for the rotary 
dryers to remove. Also, because the 
evaporators remove water much more 
economically than either drum dryers 
or rotary dryers, it explains the nu- 
merous types of evaporators on the 
market, and the constant attempts to 
obtain a syrup of high solids content. 


Source and Nature of Remaining 
Wastes 


A modern, efficient dryhouse will re 
move better than 98 per cent of the 
pollutional material of the spent mash, 
which in most cases is sufficient to re- 
move adequately any possibility of 
stream pollution. However, where the 
receiving stream has a small flow this 
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TABLE IL. 


(Typical 3000-Bu. Distillery with Dryhouse) 


Type of Waste 
| Tote 
Evaporator condensate | 45,000 130 
W ashes 21.000 1.050 
Cooling tower overflow 24,000 | 1,100 
Doubler 3,000 240 
Domestic sewage 7,000 830 


100,000 | 610 


be of 


The quanti 


remaining waste may sufficient 
strength to endanger it 
ties and pollutional characteristics of 


Table I for 


distillery 


these wastes are shown in 


a typical 3.000-bu making 
Bourbon whiskey and equipped with a 
complete dryhouse. It will be noted 
that 


relatively 


domestic sewage constitutes a 


small amount of the waste 
and fS only of sanitary significance. 
Wastes from the doubler are small in 
but relatively The 
doubler is generally nothing more than 
a large steam-heated kettle, in which 
the first distillation from the beer still 
is redistilled or ‘‘doubled’’ to remove 
After 
finished the 
the hot liquid in the doub 


ler containing the removed impurities 


quantity strong. 


various impurities the day ’s 


distillation is doubler 


‘*tailings 


are dumped 

Plant and 
tribute considerably to the total waste, 
The quantity of 
water is rather hard to estimate 


equipment washes 


eon 


as shown in Table I 
wash 
as it depends a good deal on the tech 


nique employed in the individual 


plants. This is one item that can pos 


sibly be decreased by careful operation 


and instructions, Many spills can b 
swept up dry, or shoveled up, instead 


of just washing them down the drain, 


thus el 


material 


minating a rood deal of organ 
Wi en 


plant sewer, 15 lb. of dried grains are 


washed down the 


equivalent to the sewage of 100 people 


emer 


Conde nsate from the multipl 
evaporators and overflow from the cool 
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Distillery and Dryhouse Wastes to Disposal Plant 


B.O.D 
pH Temp 
Susp t 
12 600 225 3.9 125 
100 1,000 176 6.0 70 
200 550 110 8.0 115 
40 1,000 26 5.0 170 
300 200 14 6.8 70 
160 670 551 0 110 


ing tower (if one is used) are the most 
important wastes as regards quantity 
strength. It noted that 
evaporator condensate constitutes about 
45 per cent of the total waste load by 
volume and strength, and together with 


the cooling tower overflow is equal to 


and will be 


approximately 70 per cent of the total 
load. As the combination of 
condensate and eooling tower overflow 


waste 


is such an important waste, it will be 
discussed further 

A typical flow sheet of evaporators 
and cooling tower is as shown in Figure 
2. A cooling tower may or may not be 
necessary, depending on the availabil- 
Many plants fortunate 
enough to be situated on a large stream 


or with a plentiful well water supply 


its oft water 


require no reuse of water by cireulat- 
spray 
cooling device. As a 


ing it through cooling towers, 


ponds, or other 
cooling tower requires much less area, 
it is used often when insufficient land 
is available 
Evaporators are actually nothing 
boiling kettles that 
on steam consumption by 


closed 


more than 
economize 
vacuum operation and vapor heating 
Low-pressure exhaust steam of 10-Ib 
pressure is used in the first-effect heat- 
ing chest, inside the evaporator body. 
These heating chests are simply closed 
numerous vertical tubes 
through that there 


can be adequate circulation between 


sections with 
running them so 
the bottom and top of the evaporator 


body. As the steam condenses in the 
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FIGURE 2.—Typical flow sheet of multiple-effect evaporators with cooling tower. 


first-effect chest it gives up its heat, 
and the condensate, which does not 
come into contact with the spent mash 
because of the closed chest, is returned 
to the boiler for make-up. The spent 
mash feed generally enters the top f 
the evaporator body. As it passes 
through the hot tubes it is heated to 
boiling, giving off vapors. The vapors 
from this first effect are passed into 
the heating chest of the second effect, 
and the vapors from the second effect 
are passed to the heating chest of the 
third effect. 
the two heating chests, and being under 
vacuum must be pumped out. This is 
the evaporator condensate, which con- 
tributes so much of the waste load 
(Table I The vapors from the third 
effect are condensed in the barometric 
condenser by coming in contact with 
eold water. As the cold water con- 
denses the vapors and falls down the 
long tailpipe (at least 32 ft. long) it 
vacuum on the evaporator 
bodies, thus enabling a lower boiling 
temperature, with a consequent saving 
of heat. A vacuum of 26 in., which 


These vapors condense in 


causes a 


gives a boiling temperature of approxi- 
mately 125° F. in the third effect, can 
be easily maintained by a good baro- 
metric condenser. 

In the third efect the slop has been 
evaporated to approximately 18 per 
cent solids. This material is rather 
viscous, but can be concentrated still 
further. In this case, it is passed to 
a finishing pan, which is actually the 
same as the other evaporator bodies 
except that it is a self-contained unit 
having its own steam supply and a 
separate smaller barometric condenser. 
This finishing pan is generally main- 
tained at a slightly lower vacuum to 
produce a higher temperature, as by 
the time the material reaches a 30 per 
cent solids concentration it is very 
viscous and becomes inereasingly so at 
lower temperatures. This syrup must 
also be pumped out (to a syrup tank), 
because the evaporator body is under 
vacuum. The vapors condensed in the 
barometric condensers are the same 
as the vapors condensed in the heat- 
ing chests of the second and third ef- 
fects, but of course they are diluted 
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1 where a ‘‘once-through’’ system is 
used (no eooling tower or no reeircula 
the B.O D of the 


condenser water will be approximately 


tion of cooling water 
410 p.pan. However, where this water 
is reclaimed by use of a cooling tower 
its strength constantly increases as ad 
condensed. The 
acid vapors also lower the pH of the 


ditional vapors are 
water and alkali must be added to pro 
tect the equipment 
Of course, the B.O.D. of the 
vary, depending on the 
the ‘r: that is, whether there is a 
constant blowdown from the tower, 
how often the 
towers 


against corrosion 
water will 
operation of 
tows 
and 
tower is cleaned. Cool 


ing and chilling systems also 
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TABLE IL. --Strength of Waste Condensate fromm Various Types of Evaporators 
Type of Evaporators Operation Controls B.O.D Total Solids 
p.p.m p.p.m.) 
Standard short tube vertical, triple | At max. capacity Auto 675 133 
effect and finishing pan, natural circu- 
lation, basket type separators 
Standard short tube vertical, triple | At to full ca-| Auto 570 
effect and finishing pan, natural cireu- | pacity 
lation, basket type separators 
Standard short tube vertical, triple From Ly to 44 ca- Auto. 510 147 
effect and finishing pan, natural circu- | pacity 
lation, basket type separators 
Standard short tube vertical, triple | From !¢ to full ca- Partial R00 
effect and finishing pan, natural cireu- | pacity 
lation, basket type separators 
Standard vertical, quadruple effect and | From '9 to *4 ea Auto 650 112 
finishing pan, forced circulation in 4th | pacity 
effect and finishing pan, centrifugal 
separators 
Standard short tube vertical, triple | Fr 34 tofullea-| Manual 1,580 270 
effect and finishing pan, natural cireu- | pacity 
lation, baffle type separators 
Standard short tube vertical, triple From 44 to full ea- Manual 1510 350 
effect and finishing pan, natural cireu- par 
lation, baffle type separators 
Vertical long tube, outside ecalandria, | From 44 to fullca-| Semi- 3,210 
triple effect and finishing pan, natural | pacity auto 
circulation 
Same as H after larger vapor bodies | From 4, to full ca- Auto 520 
ind basket type separators installed pacity, 
with a considerable quantity of water may be used in other distillery opera 


With 
plete reuse of cooling water throughout 
a distillery and dryhouse it is possible 
with minimum water re 
quirements of 40 g.p.d. per bushel; 
where no recirculation 


tions to conserve water. com- 


to operate 


systems are 
used approximately 700 g.p.d. per 


bushel may be necessary. 

The evaporator flow eyele described 
might be taken as a typical distillery 
setup, although many different types 
of evaporators are used. A comparison 
of various different types is given in 
Table II. It can be seen that a good set 
of evaporators will deliver a conden- 
approximately 600 p.p.m. 
B.O.D., although this can vary con 
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siderably, depending on the operation. 
Table II illustrates that evaporators 
with automatic controls, in general, 
are more satisfactory than manually 
operated sets. The effect of good 
evaporator design and automatic con- 
trols can be seen by comparing results 
H and I in Table II. In H it will be 
seen that the condensate has a very 
high B.O.D. (3,210 p.p.m.), but after 
modification by installing larger vapor 
bodies and better separators, together 
with automatie controls, the B.O.D. 
was lowered to 520 p.p.m., or approxi- 
mately an 80 per cent reduction. 

In most distilleries it is necessary to 
clean the evaporators and the eooker 
once or twice a week. This is generally 
done by boiling out the equipment 
with some type of alkali. Naturally, 
this clean-up water has a very high pH 
and considerable alkalinity. In fact, 
these characteristics are so high that 
the waste has a toxie effect. If the 
distillery is equipped with a biological 
waste disposal plant the material will 
completely upset the plant. However, 
it is not too difficult to handle and can 
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be reused. The boiling caustic can be 
collected in a hopper-bottom tank and 
the sludge allowed to settle so that it 
ean be blown off to the disposal system, 
the supernatant liquid then being made 
back up to strength with more alkali 
and reused. 


Treatment of Remaining Wastes 


There is little in the literature on the 
treatment of these remaining wastes, 
although apparently all methods have 
been tried. The wastes are rather 
easily oxidized and are definitely 
amenable to treatraent on trickling fil 
ters. Although the activated sludge 
process should handle this material 
rather easily, experimental work has 
shown that it is not as satisfactory as 
a high-rate trickling filter, presumably 
because of the high content of copper 
in the raw waste. Evaporator conden 
sate by itself has been observed to con 
tain from 6 to 25 p.p.m. copper. In 
the activated sludge method this copper 


seems to concentrate in the sludge until : 
it reaches a point where it has a toxie 
effect. 
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FIGURE 3.—Flow diagram for waste disposal plant at 3,000-bu. distillery with dryhouse. 
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hat 


FIGURE 4.—Typical distillery waste disposal plant. 


*content seems to have 


In this particular « 


The filter equipment used is of 
standard sewage plant type with con 
ventional loadings in the elarifiers 
The filter, however, is slightly different 

f the low-water loading of 
8.0 m.g.a.d., this being for a 6-ft. deep 
filter with a B.O.D. loading of 0.75 Ib 


per eu. yd. Low-water loadings ar 
considered conducive to ponding of 
the filter. To alleviate this ecndition, 


5-in. to 4-in. size media are used. So 
far, in the operation of two plants of 
this type for several years, there has 
been no difficulty from ponding. How- 
ever, one disadvantage of the low-wa 


tly does 


ter loading is that it apparen 
not have enough washing action to com- 
pletely control filter flies. The flies 
can be observed in the filter at any 
season, but they are not prevalent 
enough to be a nuisance. Their growth 
in the winter season is no doubt due 

perature of the waste, 
as even in cold weather the effluent 


from the filter may be as high as 85° F 
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TABLE III.—Wastes Material Balance Sheet of a Typical 3,000-Bushel Distillery ( 
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Bourbon) 


‘At 31 gal. per bu. 
* Including distillery wash waters. 


The actual B.O.D. loading on the filters 
(0.75 Ib. per eu. yd.) seems to lie 
above the low-rate filter ranze and be- 
low the usual high-rate range. Recent 
experiments indicate that this loading 
could be increased somewhat, but not 
enough data are available actually to 
use a higher loading in a commercial 
size plant, such as shown in Figure 4. 


Conclusions 


Distillery waste can be effectively 
handled by modern methods so that 
little danger of pollutional 
possibilities. It has been shown that 
a modern dryhouse will effectively 
process the major portion of the or- 
ganic material in spent mash so that 
it can be removed as dry feeds. Such 
a process will give a total B.O.D. re- 


there is 


This discussion offers some comments 
on the information presented in Mr. 
Davidson’s paper and some actual op- 
erating experiences which prove that 
his suggestion of the use of digestion as 
pretreatment and trickling filters as 
final treatment do work in a plant, as 
well as in laboratory experiments. 

Mr. Davidson has very clearly de- 
the distillery and 
pointed out the magnitude of the pol- 
lution resulting from their operation 
in Kentucky, where the population 


scribed processes 


100,000 g.p.d. 45| 38.5 | 


Effluent B.O.D, % Reduction 
Source Type Amount p.m Ib. /day Unit | Over-all 
Distillery | Still slop | 780,000 Ib./day! | 40,000 | 30,000 | 
Dryhouse Dried feeds | 56,000 Ib. /day : | 
Dryhouse Waste waters* | 100,000 g.p.d. 670 550 | 98.2 98.2 
Disposal plant | Final 93.0 99.9 


| 


duction of 98.2 per cent as shown in 
Table III. 

If inadequate stream flows are pres- 
ent, so that further treatment is 
necessary, this remaining waste can be 
treated by high-rate trickling filters 
with an averaze B.O.D. reduction of 
93 per cent. The combined effects of 
the dryhouse treatment and the dis- 
posal plant treatment give an over-all 
B.O.D. reduction of 99.9 per cent. 
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DISCUSSION 


By M. W. TatLock 


Partner, Ralph L. Woolpert Company, Dayton, Ohio 


equivalent of the waste is more than 
two and one-half times the total popu- 
lation of the state. A similar compari- 
son between the total population equiv- 
alent of all such wastes in the United 
States and the total population would 
interest. Similarly, how 
many bushels,of corn, rye, and barley 
malt are used to produce the total 
gallonage of whiskies? The indicated 
resulting wastes from the processes are 
definitely too great a pollutional load 
to be carried by the streams without 


also be of 
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creating a nuisance. Treatment of the 
wastes is a ‘‘must.”’ 

Realization of the necessity of stop- 
ping stream pollution was followed by 
a search for better and cheaper meth 
treatment It 
ong before many industries discovered 


us of waste was not 
that they had been wasting thousands 
if dollars by dumping valuable waste 
materials into the streams. Researches 
were begun on methods for salvaging 
these waste materials and the develop- 
ment of markets for their use 

It has been the writer’s privilege to 
supervise operation of the waste treat 
ment plant of the National Yeast 
Corporation at Crystal Lake, IIL., since 
early in 1946 

stion of the complete waste as pre 
filter as 
the process indicated 


This plant employs di 


treatment, and a_ trickling 


final treatment 
as applicable to the treatment of con 


centrated distillery wastes. Its opera 


tion has 


had to produce results be- 
The 
more eon 
experi 


involving it 
results obtained should be 


cause of litigation 


vincing than anv laboratory 
That the 


produce a 


mental work combined 


process will satisfactor’s 
effluent concentrated 
confirmed by the Court, 
stated in its final decree, ‘‘No 


June 16 


‘rom highly 
waste Was 
which 
nuisance has existed 


1946 
This 


ant treats all the waste from 
‘facture of approximately 60 
yeast each week. The 
of primary and seeond 


TABLE I. 
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ary digesters, operated in series, with 
capacities of 357,000 and 263,000 gal., 
respectively; a high-rate trickling fil- 
ter, 62 ft. in diameter and 714 ft. 
deep, filled with 2- to 3-in. rock, and 
dosed by a revolving distributor; and 
a final clarifier tank, 60 ft. in diameter, 
with a total capacity of 169,650 gal. 

The digesters are operated at a 
temperature of 95° F., maintained by 
recirculation of their contents through 
a gas-and-oil-fired external heating 
unit; their detention periods are 3.5 
and 2.6 days, respectively, at the aver- 
age daily flow of 131,500 gal. They are 
operated under the ‘‘controlled diges- 
tion’’ patent, using the volatile acid 
test each morning. 

One part of overflow from the sec 
ondary digester is mixed with approxi 
mately effluent from 
the clarifier for application to the filter 
at a rate of approximately 18 m.g.a.d 
The filter, covered to control odors and 

forced 
rate of 


seven parts of 


nuisance, has 
ventilation at a 


eliminate fly 
down-draft 
3,000 cu. ft. per min 

The clarifier has 
ripheral 
rotating 


center inlet, pe- 
discharge, is equipped with 
sludge equipment, 
and has a retention period of 314 hr. 
Sludge removed from the clarifier is 
hauled to agriculture ferti- 
lizer. 

Table I indicates the quantities of 
waste handled and the results obtained 
during a 4-day period selected at ran- 
dom from the operation reports. It 


removal 


land as 


Quantities and Characteristics of Yeast Wastes Handled 


During a Typical 4-Day Period 


131,000 25% 18.1 
134.000 18.2 
120,000 18.2 
132,000 18.1 
131,000 18.15 


5-Day | 
B.O.D.4 


p.p.m.) 


Pop 
Equiv 


| 22,100 
20,100 
21,600 
31,100 


23,725 


2,750 
2,680 
3,040 
3,280 


2,937 


BA).D. may range from 2,500 to 5,000 p.p.m 


[>| 
an 
a 
} 
Ag 
th 
f | 
plant 
Waste 
3 . Total Sol 
ol 
130 |: 530 ol 
8.6 | 1,59% 4,500 
1.556 845 100 ” 
sts | 2008 
3.662 | 
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should be noted that the average popu- 
lation equivalent is 23,725, whereas 
the city population is only 5,000. 
Table If gives some monthly average 
B.O.D. values of the effluents from the 
various treatment plant units. These 
indicate average reductions from the 
raw waste to the effluent of the pri- 
mary digester, secondary digester, and 
clarifier of 67, 72, and 95.8 per cent, 
respectively. 

The clarifier effluent is diluted by 
condenser water, reducing the B.O.D. 
to 44 p.p.m. before it is chlorinated and 
discharged to a small stream. No 
nuisance is created, the only evidence 
of its presence being the caramel color 
of the original molasses, which is not 
changed by the treatment processes. 

The total gas production in the di- 
gesters averages close to 1,500 eu. ft. 
per hr., or 36,000 cu. ft. per day. The 
total addition of volatile solids is ap- 
proximately 4,000 Ib. per day. Thus, 
the average gas production is approxi- 
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TABLE II.—Monthly Average B.O.D. of 
Yeast Waste Disposal Plant 
Effiuents (in P.P.M.) 


| Raw | Prim | Bee | Clari 
Month | Waste | Dig. | Dig Filter | fier 
Jan. 3,490 | 1,462 | 1,375 | 163 | 92 


Feb 4,420 | 1,450 | 1,421 | 238 | 207 
Mar, | 3,530 | 1,139) §92) 169 | 155 
Apr. | 2,314| 618 470! 119 | 89 
Ay. 3,258 | 1,074| 921 | 157 | 137 


mately 9 cu. ft. per pound of volatile 
matter added to the digesters. This 
quantity of gas has accompanied good 
operating results so long that gas pro- 
duction is used as a visual evidence 
of the quality of effluent leaving the 
plant. 

The actual operating experiences re 
ported herein confirm Mr. Davidson's 
statement that pretreatment by diges- 
tion followed by trickling filter treat- 
ment will produce a satisfactory efflu- 
ent from distillery or similar wastes. 


NEW ENGLAND INDUSTRIAL WASTES CONFERENCE 


A New England Industrial Wastes 
Conference will be held at Massachu- 
setts Institute of Technology on June 
26-28, 1950, under the joint sponsor- 
ship of the Department of Civil and 
Sanitary Engineering, the New Eng- 
land Council, and the New England 
Sewage Works Association. The con- 
ference is designed to bring together 
representatives of industry, control 
agencies, and municipalities for gen- 


eral discussions of pollution abate- 
ment, as well as the water and waste 
problems of such specifie New Eng- 
land industries as pulp and _ paper, 
wool scouring, cotton and wool dyeing 
and finishing, metallurgy and metal 
working, potato and milk processing, 
and leather tanning. The 3-day gath- 
ering will be concluded by a special 
symposium on future needs and devel- 
opments. 
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Stream Pollution 


SAMPLING FOR EFFECTIVE EVALUATION OF 
STREAM POLLUTION * 


J. VELZ 


Chairman, Dept of Publie Health Statistics, School of Public Health, 
Univ. of Michigan, Ann Arbor, Mich 


Sampling for effective evaluation of | formation which may or may not be 
ion involves three opera useful; actually, it is a design of a 
tion of data; analysis of | sampling procedure 

o determine specific self The scientifie collection of data for 
characteristics; and pro stream analysis may be divided into 
estimates for other eondi three major categories: hydrologic 
incipally the evaluation of ex factors, sources of pollution, and wa 
stream quality at different —ter-course sampling. 
severities and ranges of pollu 


\ll three operations ar Hydrologic Data 


the establishment 
Stream flow records are necessary to 
f stream control r , ‘ 


: define the characteristics of the daily 

onomical pollution abate a 

Wit] : hydrograph and equally important to 

determine probability of drought se 

one stable regime, b) : 

verity, delineating the pattern of criti 


asible 


al rune 
eation characteristics that 


Physical Characteristics of River 


Channel 


t severities and loads in 
and at less expenditure of 

d funds than by further strean The factors controlling deoxygena 

tion, bacterial death rates, and reaera 

h this paper will deal prin tion are critically related to variation 

th the first operation, before in the phvsical characteristics of the 

iweany data a clear purpose must ‘iver channel. These physical char 

ind. The type of analysis and acteristics are best obtained from fre 

of projection, quent channel cross-section soundings 

or correction for etions at 500-ft. intervals would be 

bathing, fish and shell leal, but usually satisfactory results 

recreation, or nuisance ¢ be obtained at 14-mi. intervals 

ive an important bearing rough the critical reaches and at \% 

collection With these di ni. intervals in the less eritical zones 

ection beeomes more thi 1 taking sections it is not necessary 

heterogeneous 1 o ‘‘split hairs’’ by use of surveying 

instruments, referring to sea level and 

tving in locations by traverse. Many 


1949 sections along the eourse of the stream 
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are preferable to a few, exactly defined. 
It is adequate to cross-section simply 
by soundings measured from the sur- 
face of the water and to determine 
widths by a rope stretched across the 
channel. The location of the cross-sec- 
tion stations can be approximated from 
physical features along the channel 
(bridges, sharp bends, islands, or 
tributaries), identified in the field and 
marked on a good map. In moving by 
boat between stations, additional 
soundings should be made along the 
channel to detect any unusual pools or 
deep pockets. 

The time at which each sectioning 
station is occupied should be noted so 
that the surface of the water can be 
referred to a gage height correspond- 
ing to the prevailing river discharge. 
Soundings then can be adjusted to 
other stream flow conditions by use of 
the rating curves at stream gaging sta- 
tions within or near the reach involved. 

The main purpose of channel cross- 
sections is to determine occupied chan- 
nel volume associated with a particular 
steady stream flow, It is then possible 
to compute the displacement time. This 
provides the all-important time of pas- 
sage of pollution from reach to reach. 
Integrating the various loads with this 
time of passage affords a measure of 
the pollution load satisfied or the bae- 
terial survivals. In addition, 
sections provide the mean channel 
depths applicable to each reach, which 
are so important in computing reaera- 
tion. They also provide the variation 
in mean velocity through various 
reaches, from which it is possible to 
evaluate potentialities of sludge ae- 
cumulation and scour. The absence of 
sludge deposits at the time soundings 
are taken is not assurance that sludge 
deposits may not be involved. Hy- 
draulic characteristics of certain 
reaches of the stream may be so eriti- 
cally balanced that during a protracted 
drought period velocities may be suffi- 
ciently reduced to permit sludge de- 
posits to occur and accumulate, but 
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at flows somewhat above drought con- 
ditions, deposits might be scoured to 
such an extent as not to be detected 
during sounding operations. 

Auxiliary information concerning 
physical characteristics can be obtained 
from determination of time of passage 
by methods other than volume dis 
placement. The staff of the Tennessee 
Valley Authority has developed a po 
tentiometric method whereby a waste 
or salt slug can be followed and timed 
down the of a stream. This 
procedure is particularly valuable im 
wide and deep streams or pools where 
short circuiting may be involved. In 
small, shallow streams comparable re 
sults can be obtained by introducing 
a dye. Before too long it is hoped that 
instrumentation will be developed to 
a stage where isotopes of short life 
may be introduced and traced in a 
natural water course. The old practice 
of using floats is to be discouraged as 
it does not provide reliable results, 
particularly in tidal waters or in large, 
deep rivers. 


eourse 


Sources of Pollution 

The second primary source of data 
pollution load, should be obtained 
from an onshore survey. Municipal 
pollution is readily determined from 
tributary population. The industrial 
waste load is usually the most difficult 
factor and entails a 
major industries. 


waste survey of 
In running B.O.D. 
determinations there should be a check 
for immediate demand and a differen- 
tiation between the fraction of the 
B.0.D. in suspended solids form sub- 
ject to sludge deposit and that fraction 
in colloidal or dissolved forra remain- 
ing in the flowing stream. In addition 
to the standard 5-day B.O.D., rate 
curves extending to 20 days should be 
run for the major industries that are 
suspected of having unusual) 
Also, it may be necessary to employ 
different dilution waters. 

An attempt is sometimes made to by- 
pass the onshore survey by determin- 


wastes. 
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ing the pollution load from the B.O.D 
of the receiving water. Obvicusly, the 
B.O.D. results of the river water can 
not be used both to determine the 
load and to check on the load. Fur 
thermore, the varying runoff patterns 
n the water course set up substan 
tial variations in population equiva- 
ents simply bv virtue of volume 
nanges Also, it is difficult to obtain 
1 representative sample in the water 
ourse below a source of pollution and 
a small error in B.O.D. associated with 
a large runoff results in a large error 
n population equivalent A much 
more reliable measure of pollution load 
ean be obtained from a direct survey at 
the sourees, reserving the B.O.D. of 
river water samples as a check against 


the onshore loads 


Stream Sampling in Fresh Waters 
Types of Samples 


In sampling a fresh water stream, 
the samples usually required are for 
B.O.D., D.O., pil, and temperature ; 
and, if bacterial quality is under 
consideration, coliform concentration 
Where fish life is of major importance, 
other chemical examinations and _ bio 
logical assays may serve as auxiliary 
data, but where organics are involved, 
are not substitutes for the D.O. test 
Generally, oxygen depletion is a more 
sensitive eriterion than toxicity con 


centrations 


Location Vumber. and Intensity f 


Nampling 


Che first question usually asked is 
How many samples must be taken? 
In a statistical sense there is no answer 
to this question without foreknowledge 
if the variability of the phenomena 
be sampled and the precision desired 


Rivers are dynamic and subject to wide 


variation in time as well as from plac 
to place along the course In some 
instances information trom previous 


surveys indicates the nature of varia 


bility and serves as a guide for the 


May, 1950 


initial design of a program. It must 
be recognized, also, that there are so 
many uncontrollable variations at play 
that any design of a sampling program 
inherently should remain flexible. 

Ordinarily, too many stations are es- 
tablished, with an insufficient number 
of samples collected at any one. A few 
locations with sufficient number of 
samples to define results in terms of 
statistical significance are much more 
reliable than many stations with only 
a few samples at each. At best, stream 
sampling is subject to considerable 
variation; hence, if valid conclusions 
are to be drawn from the data, enough 
samples must be taken to define the 
variability by statistical treatment and 
determine the degrees of confidence in 
any mean condition. 

The same holds true with respect to 
intensity of sampling. Too frequently 
samples are spread over a long time 
interval, during which river regime 
is subject to a wide variety of condi- 
tions. Attempting to sample all con- 
ditions by grab samples here and there, 
now and then, usually defines no con- 
dition and, in fact, may be very 
misleading. Averaging of such non 
comparable results is a dangerous pro- 
cedure. It is much better to concen- 
trate during a short interval with 
intensive sampling when the river 
regime is stable during a steady hydro 
eraph. 


Factors Affecting Stream Sampling 


A few examples will illustrate the 
many factors affecting sampling and 
difficulties of obtaining representative 
samples 

1. Sampling in Relation to Daily 
Hivdrograph.—The most important fac 
tor affecting sampling is the daily 
hydrograph. Figure 1 shows a highly 
flashy daily hydrograph where runoff 
is almost constantly varying. The 
arrows indicate days on which samples 
were taken. It is noted that most of 
these samples were taken during pe- 
‘iods of radical variation in flow; it 
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5,000 


C.F .S. 


2,000 


RUNOFF IN 


FIGURE 1.—A flashy hydrograph. 


cannot be expected that an average 
of these values would reflect a steady 
river regime equal to the average of 
the daily discharges during these days. 
The ideal period for sampling is dur- 
ing a steady runoff pattern, but sam- 
pling should not start until the steady 
hydrograph has established a_ stable 
river regime, and this requires at least 
a period equal to the time of passage 
through the eritical reach. When such 
a steady flow is established, a week 
of intensive sampling is usually ade- 
quate to provide 16 to 20 samples at 
each station. 

Figure 2 shows a flashy hydrograph, 
but with an ideal sampling period dur- 
ing the month of September when a 
period of steady river flow prevailed, 
uninfluenced by previous flash flows. 
Unfortunately, one cannot predict ex- 
actly when such a steady river regime 


will be established, but from a statisti- 
cal analysis of past flow records the 
most probable season when such peri- 
ods oceur can be ascertained; also, 
long-term forecasts of the Weather Bu- 
reau are now available. The point is: 
Do not waste energy in sampling dur- 
ing radically fluctuating flow; rather 
during such periods concentrate upon 
other aspects, keeping the organization 
in readiness to make a quick switch to 
intensive sampling as soon as the op 
portunity to obtain a steady river re 
gime becomes apparent. 

In this connection, it is obvious that 
a day-to-day or almost an hour-to-hour 
contact must be established with the 
U.S. Geological Survey to supply gage 
heights and runoff records of the vari 
ous gaging stations. The staff of 
U.S. G. S. is always very cooperative 
in supplying such information. 
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3. Sampling in Relation to Physical 
Characteristics River Develop- 
thar of 
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and 
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samples at different points transversely 
the at different 
This greatly adds to the num 
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across channel and 
depths 
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reliable mean 


ber san 


required to obtain 
for the section 


In some 
instances, river 


developments 
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anda 


(such as 
power dams intro 


duce short cireuiting and stratification 


storage pools 

One of the most troublesome varia 
tions in sampling introduced by river 
developments is the practice of hydro- 
plants to 


variation 


operate with considerable 
throughout the 24 hr. of 
This a radical diurnal 
variation in runoff, such as is illus- 
“igure 3. Although the daily 
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riod of a day or week may indicate al- 
most a steady runoff, there is a cyclical 
variation throughout the hours of the 
day. This sets up a series of pulsa- 
tions in discharge which persist down 
the course of the river and make rep- 
resentative sampling exceedingly diffi- 
cult. It becomes necessary then to 
occupy a sampling station throughout 
24-hr. periods, taking samples once an 
hour or once every 2 hours to pick up 
the radical variations throughout a 
eycle. 

4. Sampling in Relation to Waste 
Discharge Practice-—Another factor 
which frequently leads to fluctuation 
in sampling results is the operating 
pattern of the major industries. 
Some industries operate 7 days a week, 
24 hours a day, on relatively continu- 
ous discharge basis, with but only 
minor variation throughout the day 
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and from day to day. Other establish- 
ments shut down completely over the 
weekend. Still others may operate on 
an &-hr. shift and possibly discharge 
waste on a batch basis. Monday morn- 
ing samples following a week-end shut 
down would hardly be representative 
Another factor to watch for is the 
matter of holiday or vacation shut- 
down. Following such a shutdown it 
may take a week or more before pro 
duction is normal. Such a shutdown, 
however, affords a check on industrial 
load; but if sludge deposits are in- 
volved, the carry-over of demand from 
past accumulations is a major factor 
to be considered. 

5. Abnormalities in Natural Purifica- 
tion Characteristics —Abnormalities in 
natural purification characteristics of 
a stream influence the location of sta- 
tions and number of samples to be col- 
lected. These situations cannot al 
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FIGURE 4.—Influence of immediate demand on shape of dissolved oxygen profile. 


ways be foreseen. If they are sus 
pected, it is highly desirable to take 
a test run to determine the general 
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Figure 


immediate 


$ illustrates the influence of 

jemand on the shape of 
the dissolved oxygen profile. Curve A 
what would be normally 
expected from the pollution load in 


olved, whereas Curve 


represe nts 


} shows the ab 


normality in shape induced by 19 per 


ent of the pollution load present in 
the form of immediate demand, An 
industrial waste survey, if made prior 
to the sampling, would detect presence 
f immediate demand, and the location 
f sampling stations could be planned 
t fleet the abnormality 

Sludve deposits may produce similar 
abnormalities These, however, may 
not necessarily occur directly below a 
point of pollution, but may arise by 
virtue of reduced locity in pools 
along the course of the channel, allow 
ing suspended solids to deposit and 


not be 
in fact, the greatest abnormality 
is associated with pools of short de- 
tention period of a few hours, but of 
velocity sufficiently low to permit de- 
posit and accumulation. The difference 
between what is normally expected in 
oxygen sag with the short time of pas- 
sage and that associated with the de- 


accumulate. need 


large; 


The pool 


mand from sludge accumulation is then 
pronounced. 
surveys such 


No doubt, in some river 

pocket with 
sharp drops in D.O. profile are never 
detected and the abnormality of the 


deposits 


lower end of the profile remains a mys- 
tery. The only assurance of detecting 
such a situation and locating sampling 
to reflect it, is the 
channel cross-sectioning previously re- 
ferred to. 


Stations prope rly 


An unusual phenomenon at times 
associated with shallow streams is bio 
logical adsorption on the stream bed 
Growths on the bed and 
cumulate B.O.D. from the overflowing 
The action is similar to that 
taking place in a trickling filter. In a 
relatively short reach of river, from 
60 to 80 per cent of the B.O.D. may 
be extracted from the overflowing wa- 


extract ac 


water 
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MILE POINTS 
i FIGURE 5.—Influence of biological adsorption of growths on the stream bed on shape 
+] of dissolved oxygen profile. 
ter, building up an equilibrium storage Curve C. The high demand from the 
in the zoogleal growths, such that the accumulated storage should not be con- 
fe demand from the accumulation is equal strued, however, as high-rate in bio 
ieee to the daily load extracted. This pro- chemical oxidation of the organic mat- 
duces a very sharp drop in D.O. pro- ter. The rate is generally normal for 
Bae file far beyond what can be accounted aerobic decomposition. The excessive 


for by the time of passage through the demand results from the normal rate 
reach, such as illustrated in Figure 5, working on an accumulation in excess 
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FIGURE 6.—Observed dissolved oxygen in Wabash River, showing influence of algae. 
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E of one day’s load. Usually, biological Sampling Tidal Waters t 
learnt on «trea heads does + 
adsorption on stream beds dots | it has been said concerning fac- 
equally to streams dis- : 
acso! n may not; harging into the ocean or into tidal 
deposits t nflt ced 13: 
Lil leposits, it 18 Influenced estyaries. In addition, there are fur- 
ther complications arising from the 
In small Hast variation of tides and tidal currents 
velocities Figure 7 illustrates three types of 


scour completely the stream bed, and tides: the semi-daily tide for New York 
period Tollowing such a scour Jfarbor, which is typical of the North 
Atlantic: the daily tide, which is typi- 
vths and accumulate an equilibriut eal of the Gulf of Mexico; and the 

B.O.D. Another situatior tide. tvnical of the Pacific Coast. 


w) re eertal scons 
ay ' We in certain S€asol In addition to the moment-to-moment 


+} + erowths wil ana } 
ir, U row vill die and variation in tide through a day associ- 
1} vive in larce nantities and act > 
ated with the apparent movement of 
illy during such a period will imp 


ure 6 illustrates the effect of algae on o7 “lat they SS 
dissolved oxygen content throughout a TYPICAL SEMI-DAY TYPE TIDE 
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at lower depths 
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the moon around the earth, there are 
also day-to-day variations, depending 
on the position of the moon relative to 
the earth and the sun. The most notice- 
able variation from day to day is that 
related to the moon’s phase, which has 
a evele of 29! As shown in Fig 
ure 8, during new and full moon the 
range is considerably above the aver- 


days. 
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VARL 
HARBOR, 


age ; during the first and third quarters, 
substantially below the average. The 
moon’s declination, which has a cycle 
of 2714 days, induces diurnal inequal 
ity between the morning and the eve- 
ning tides. In areas this 
pronounced, whereas in others the in- 
equality is minor. The influence, how 
apparent in Figure 8, 


some Is 


ever, 18 a 
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difference in the range showing in the 


two tides are other 
long-term factors, as well as complicat- 
ing influences wind and 
physiographic features, which ean radi 
normal tidal pattern 
The dominant influences, however, are 


in a day. There 
such as 


‘ally alter the 


or semi daily evele, the eycle 


he moon’s phase, and the eyele of 


the moon's declination 

The vertical rise and fall of the tid 
brings about a corresponding hori- 
zontal reversal in tidal current. Thus 


it anv one position with 
reference to a fixed land location, the 
of water 1s constantly, oscillating 


bbing 


and flooding Furthermore 
runoff from the stream’'s 
the extent of 
introduces still other 

If there were no land 
water runoff, the translation of the ebb 
flow would be ecounterdistanced by the 
flood and there 


water 
drainage area influences 
ation and 


omptications 


would be no net move 
The moment 
land-water runoff the ebb 
exceeds the flood 
introdusing a net movement 
toward the which 
land-water runoff inereases 
vement 
time of passage through the 


ment toward the sea 
there is any 


flow translation 


increases as 
It is this 
constitutes t} e 


ocean 


which 
idal reach 


to the ocean 


In ddition, where land-water 
stream discharges into the ocean the 
\ reach of the river experiences 


ntt ! f sea water far bevond the 
inge of the flood current. forming a 
xture of sea and land water. Thes« 
rackish waters will range from 100 
! nt sea water at some location 


beyond the outlet into the 
cent land water at a location 
ile S 


ocean ft 


ipstream, 


depending on 
hanne] 


ind the rate of land-water runoff \ 
salir t\ dient s estal she thre l 
this bra sh reach with the sea-wats 
ontent gradually diminishir alon 
the upstrea urse to its upper limit 


at the 100 per cent land-water location 


The land-water discharge to the sea 
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actually is a complex process of inter- 
change of land and sea water through 
the brackish reach. The net effect of 
this interchange may he resolved into 
two opposite net flows, one equivalent 
to the land water going seaward and 
the other equivalent to the sea water 
intruding upstream through the brack- 
ish reach, discharging sea water into 
the downward land-water flow at such 
intervals and in such quantities as to 
provide the observed salinity gradient 
Thus, this hypothetical sea-water river 
near the ocean but 
gradually diminishes in volume as it 
upstream, vanishing at the 
upper end of the brackish waters. As 
the land-water flow 


is a great flow 


proceeds 
diminishes, the 


is lengthened and ex- 
tends farther upstream ; 


brackish reach 
conversely, as 
land-water flow increases, sea-water in 
trusion is held back and the brackish 
reach is shortened. 

With 


sampling in 


these complications, random 
tidal waters is of little 
What is required is controlled 
sampling, taking into consideration the 
major variables. The key to. the po 
sition and division between land-water 


value 


ind sea-water flows at any location in 
the brackish reach is the salinity con- 
basic 
measurement in sampling of all tidal 
waters. All that has been said about 
the influence of runoff has 


tent; hence, salinity becomes a 


now a 
double significance, because land-wate1 
variation also affeets ebb-flood trans- 
lation and the extent of sea-water in- 
trusion. It becomes doubly important, 
therefore, to control these influences 
by confining sampling to a period of 


STeHaY 


runoff, allowing adequate time 


insure establishment of a steady re 


ond variable to control is the 
with the 
Fortunately, this is a 
phenomenon 


aily variation associated 
moon's pl ase 
lod which is pre 
dicted in the tide tables; thus, sam 
pling definitely can be planned to co 

with one distinct phase. This 
iS particularly important where water 
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quality profiles are steep along a course 
and are radically influenced by the ex- 
tension of the flood and ebb currents. 
Figure 9 illustrates the importance of 
such concentrated sampling in_ pol- 
luted waters, as the high range phase 
in tide produces a distinetly different 
quality level from that of the low 
range. Obviously, samples from these 


two phases cannot be lumped, in a 
statistical sense, it being much better 
to define the two extremes as illus 
trated, and from these draw conclu 
sions about transitional phases In 
comparing quality of such waters, re 
sults are comparable only when sam 
ples are taken during comparable 
ranges in tidal phase. 
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There remains a major factor pe 
culiar to tidal waters which cannot 
be controlled; namely, the semi-daily 
tidal cycle, inducing moment-to-mo 
ment changes It becomes necessary, 
therefore, to sample at frequent inter 
vals throughout the daily tidal cycle 
each hour or each two hours). Thus, 
the complete variation throughout the 
tidal cycle can be defined, from which 
& mean value can be determined as 
well as the maximum and minimum 
ranges associated with the end of the 
flood and the end of the ebb. If 16 
to 20 samples can be taken within the 
same 2-hr. position in a tide eycle, on 
different days but at approximately 
the same moon’s phase, then by plot 
ting on probability paper a reliable 
estimate of the true mean value ean 
be obtained where the distribution line 


intersects the probability of 50 per 
cent. Figure 10 illustrates such a plot- 


ting producing a ‘‘mean density”’ 


M.D.) of 8,600 per 100 ml. This M.D 


r DISTRIBUTION OF MPN'S OF SAMPLES TAKEN 
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is then plotted at the mid-point of the 
2-hr. interval as point (a) on Figure 9. 
Mean densities similarly determined 
from distributions of values taken dur- 
ing each of the 2-hr. intervals form the 
basis for constructing a tidal eyele 
curve such as shown in Figure 9. Un- 
less M.P.N.’s are reduced to mean 
densities it will be found difficult to 
define or even recognize a tidal cycle 
eurve. 

One compensating influence of tidal 
phenomena with respect to sampling is 
that there are no sudden changes in 
quality profile. The extensive range 
of ebb and flood flow acts as a leveling 
device, reducing changes in quality to 
gradual transitions Sampling sta- 
tions can be spaced at considerable 
distances with reasonable assurance 
that there will be no abrupt changes 
intervening. This advantage, how- 
ever, hardly offsets the inerease in the 
number of samples which must be 
taken at any one station if the tidal 
influences are to be properly evaluated. 
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Variations Associated with 
Laboratory Procedure 


The laboratory procedure employed 
affects test results for water quality in 
certain types of determinations (such 
as B.O.D. and, particularly, coliform 
concentration The laboratory pro- 
-edure itself induces variations in re- 
sults quite apart from real variations 
in the bacterial density of the body of 
water sampled. Too frequently, the 
variations associated purely with limi- 
tations of bacteriological procedure are 
erroneously considered real variations 
in quality. The deviations associated 
with laboratory technique follow quite 
definite laws of probability, but in 
order to differentiate them from the 
true variations in bacterial density it 
is essential to have sufficient sampling 
data to permit of their statistical 
evaluation. 

For an appreciation of sampling re- 
quirements for reliable determination 
of bacterial quality of fresh or tidal 
waters, it is necessary first to have an 
understanding of the difficulties and 
limitations of bacterial enumeration by 
the dilution method. 

Bacterial enumeration by the dilu- 
tion method is a statistical process. 
The usual practice is to report test 
results of individual samples in terms 
of ‘‘most probable numbers’’ (M.P.N.). 
This sounds very precise. Actually, 
probability of the most probable num- 
ber with the usual test procedure is of 
a very low order and is subject to wide 
variation. An M.P.N. of a single sam- 
ple usually has very little significance. 
A reliable measure of quality can be 
derived only from a series of samples 
subjected to statistical treatment, de- 
termining an estimate of the true mean 
density. 

True mean density is defined as the 
total number of coliforms in the body 
of water sampled divided by its total 
volume. Test results of individual 
samples taken from this body of water 
expressed as M.P.N.’s will vary about 
the true mean density in a definite 


manner, depending on test procedure. 
For example, Line A (Figure 11) illus- 
trates the variation expected for a test 
procedure employing 5 portions in 
each of 3 decimal dilutions for samples 
taken from a body of water having a 
known fixed mean density of 1.0 per 
ml. The distribution of M.P.N. values 
is logarithmically normal. The mid- 
point (50 per cent) of the distribution 
coincides with the true mean density 
(1.0 per ml.); 5 per cent of the test 
results are expected to be equal to or 
less than 0.39 per ml., whereas 95 per 
cent are expected to be equal to or less 
than 2.5 per ml. Similarly, if only 
one portion in each of 3 decimal dilu- 
tions is employed as the test procedure, 
variations in M.P.N.’s of individual 
samples taken from this same body of 
water can be expected to fall along 
line B (Figure 11). The mid-point 
(50 per cent) of the distribution again 
coincides with the true mean density 
(1.0 per ml.), but the variation about 
the mean density is greater; 5 per 
cent of the test results can be expected 
to be equal to or less than about 0,12 
per ml., and 95 per cent equal to or 
less than 8.0 per ml. 

As the number of portions in each 
of 3 decimal dilutions increases, the 
distribution lines flatten,* as shown in 
Figure 12. If a large enough number 
of portions is employed, all the 
M.P.N.’s of such samples would ap- 
proach a value equal to the true mean 
density. An ideal sample would be 
one which measured the true mean den- 
sity directly in this manner. This 
would greatly reduce the number of 
samples required, but unfortunately 
would require employing a_prohibi- 
tively large number of portions in each 
sample. However, it will be noted that 
the same mean density can be derived 


* The slope of the logarithmically normal 


distribution is represented by oi..—, whieh 
varies with n, the number of portions em 
ployed, as 
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FIGURE 11. 


from samples employing a small num 
ber of portions providing a sufficient 
number of samples are taken from the 

water to develop a well-defined 
line through the full range of the dis 
Where this line cuts the 
mid-point (50 per cent 


density is determined 


body of 
tribut on 


the true mean 


Thus, two alternatives are available 
ither a few samples employing a 
large number of portions in each dilu 
large number of samples em 
ploying a few portions. The former 
would be the better protection against 
nterpretation of test results, as it 
would provide directly a close esti 
mate of the mean density Such sam 
particularly applicable 
to polluted tidal waters where quality 
s constant! hanging due to flood 
and ebb translation past the sampling 
location However, from a_ practical 
standpoint of laboratory requirements 


enerally the latter practice is adopted 


usually employing 5 portions in each 
of 3 critical decimal dilutions. Gen 
erally, the difficulty with this is that 
When so small a number of portions 
are employed, also too few samples 
are taken, with the result that no at- 
tempt is made to derive from the dis- 
tribution of the series what is really 
sought, namely, the true mean density. 
This too frequently then leads to the 
practice of regarding the M.P.N.’s as 
density and fallaci- 
ously interpreting the mere variations 


real measures of 


in M.P.N.’s as real changes in water 
quality 
Obviously, to detect a real change in 


water quality it must be demonstrated 


from sampling that there has been a 
significant change in true mean den- 
sity, not merely variations associated 
with test procedure. It follows, there- 
fore, that test results reported as. 
M.P.N.’s must be 


before 


reduced to mean 


densities interpretations are 
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made concerning quality. Usually, 16 
or more samples are required to rea- 
sonably define a normal distribution 
on log-probability paper and deter- 
mine a mean density. 

A procedure for reducing bacterial 
sampling data to mean densities and 
letermining significant changes in real 
juality is set forth in the Addendum. 
The habit should be aequired ef think- 
ing in terms of mean density (M.D.) 
and not in M.P.N. Any attempt to 
evaluate bacterial quality or trends 
short of this (or equivalent) procedure 
is purely speculative. 


Conclusion 


In sampling for stream analvsis there 
is no short cut, if reliable results are 
desired, but the statistical approach to 
sampling affords a maximum of in- 
formation with a minimum of eost in 
time and funds. 
set of data at one steady river regime, 


From one reliable 


the effect of other levels of runoff and 
pollution load can be computed. 


Addendum 


For a series of samples employing 
multiple portions in each of 3 decimal 
dilutions, it is possible to evaluate bac- 
terial density in terms of mean density 
(M.D.). If such series are taken over 
an interval of time, it is also possible 
to determine if the density remained 
stable or if it was subject to change, 
and if so, how much. This is readily 
determined graphically by arranging 
the M.P.N.’s of individual sample test 
results in order of magnitude; number 
ing them serially; assigning probabil- 
ity plotting positions as m/(n +1), in 
which m is the serial number and n is 
the total number of values to be 
plotted; plotting on log-probability 
paper; and fitting a straight line to 
the distribution. The mean density 
(M.D.) is obtained directly where the 
line of the distribution intersects a 
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pr ibability if 5O per cent As WAS mean density IS readily obtained 


shown previously, this coincides with 
the theoretical true mean density 

The slope of the line indicates the 
stability of the mean density. If there 
was no change in the mean density 
luring sampling the slope of the dis 
tribution should be equivalent to that 
determined by depending solely 
on the number of portions employed 
This standard slope defines the ex 
pected variation associated with the 
articular test procedure employed and 
can be transferred readily from Figure 
12 to the distribution graph. If the 
observed distribution line from test 
resnits is parallel to the standard slop: 
t can be concluded that the mean bac 
terial density remained unchanged. If 
the slope is steeper than the standard 
slope, it can be coneluded that the 
variation n density exceeded that 
normally expected for the test pro 
edure employed and a real change in 


l 
vel of mean densitv took pace dur 


ing the sampling period 


The range of such a real change in 


graphically (see Figure 13). Line A 

A represents the distribution of ob 
served test results emploving 5 por 
tions in each of 3 decimal dilutions 
Line B B represents the base slope 
expected for a 5-portion 3-decimal di 
lution test procedure. The mean den 
sity associated with any probability not 
exceeding that density is readily ob 
tained by projecting parallel to the 
base slope a density at that probability 
from Line A—A to the mid-point of 
the distribution. For example, Line 
A—-A interseets a probability of 99 
per cent at point a (61,000) ; from this 
point extend parallel to B-—-B to a 
probability of 50 per cent, locating 
point x (16,000 This is to say that 
with a 5-portion test procedure a den- 
sity of 61,000 at a probability of 99 
per cent must have resulted from a 
mean density of 16,000: henee. the 
probability is 99 per cent that the 
mean density did not exceed 16.000 
Similarly, other mean densities are 
projected to points w, z and y 
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DISCUSSION 


By Ropert N. CLARK 


Chief Public Health Engineer, Tennessee Valley Authority, Knorville, Tenn. 


In discussing the statistical approach 
to stream analysis, Professor Velz has 
described many of the basic features 
of a stream study program. Although 
much of his discussion deals with sam- 
pling, he emphasizes the importance of 
adequate mathematical and statistical 
analysis, and certainly, if stream data 
are to be useful, they must be worked 
over and put into a form that permits 
accurate prediction of what can be 
expected as stream conditions vary. 

If the study is to be statistically 
sound, certain common-sense rules 
must be observed. One rule, of course, 
has to do with the limits of accuracy 
which should be observed. Such limits 
are usually set either by choice of 
sampling method or by choice of ana- 
lytical method, and it hardly seems 
logical to apply a refined mathematical 
treatment to data which are not within, 
say, 5 per cent of the most probable 
value to begin with. Consequently, it 
is useful to take a careful look at the 
whole chain of events, including sam- 
pling, laboratory methods, mathemati- 
cal analysis, formula derivation, and 
finally projection. The weakest link 
in the chain sets the limit of accuracy 
for the whole study, and it is good 
discipline and good economy to apply 
this limit ruthlessly. 

A second common-sense rule is to 
discard data that are obviously wrong. 
This follows the statistical axiom that 
very large errors do not occur; when 
the deviation is very large, it is a mis- 
take and not an error. It is not diffi- 
cult to determine when an individual 
observation is out of line, and there 
are definite statistical rules or criteria 
to follow in such eases. Obviously, the 
use of wrong data, either for develop- 
ing averages or for formulating trends, 
may seriously affect the final usefulness 
of the study. 


A third rule is to fit the whole pro- 
gram of sampling, analysis, and pro- 
jection to the particular job at hand. 
In the study of streams, for example, it 
is possible to use either the ‘‘shotgun’”’ 
or the ‘‘bullseve’’ approach, and it is 
hardly necessary to equip a 12-gauge 
smoothbore with telescopic sights. The 
purpose of the study must be kept 
constantly in mind. If simple quali- 
tative evidence is all that is necessary, 
for example, to support a legal com- 
plaint that discharge of sewage makes 
a certain creek stink, then a single, but 
conelusive, program of sampling, 
analysis, and description is all that is 
necessary. 

Another fundamental rule, and one 
that seems to eseape attention all too 
often, is to have enough data to sup- 
port the conclusions. Admittedly, the 
application of this rule is tricky, for 
although on the one hand the most 
elementary texts on statistical pro- 
cedures deal carefully with the statisti- 
cal basis for sampling, on the other 
hand the most exhaustive works on 
stream sanitation do not fully cover 
the things that can happen in a stream 

The orderly arrangement of facts 
and the formulation of general conclu- 
sions is an interesting process and one 
which frequently brings out previously 
unknown information. Recently the 
Tennessee Valley Authority (TVA) 
conducted a survey of a long stretch 
of the main river to determine the bac- 
terial quality of the water under vary- 
ing conditions. The results, in terms 
of most probable number of coliform 
organisms, were analyzed, giving con- 
sideration to dilution, time of water 
travel, and location of points of sew- 
age pollution, and were fitted into a 
typical coliform deathrate pattern 
However, at one point the data con- 
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lusively showed the addition of colli- 
form bacteria where none were antici- 
Back ealeulation indicated that 
the contribution was about equal to 


discharge from 400 persons, 


pated 


the sewage 
and the briefest sort of survey quickly 
revealed the existence of a small com 
r outfall, a record of which 
TVA files 


The incident was particularly amazing 


munity sew 
was previously lacking in 
diluting flow in the Tennes- 
ee River at the time was about 27,000 
ul ft per see It 


dramatically the 


because the 


illustrates quite 
reliability of 
statistical practices 

With regard to the number of 
ling points, and the study to be given 


sound 


saln- 


at each point, these factors must be 
‘considered in the light of each par 
ticular study TVA has used and, to 
some extent developed a system of 


sampling to reveal what happens to pol- 


lution in the stream. This involves the 


identification of a given mass of water, 
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usually a 24-hr. flow, as it moves down- 
stream, and the collection of samples 
from the same mass or prism at sueces- 
sive downstream points. In this way 
a great deal of ‘‘ bullseye’ information 
can be obtained, including not only the 
effects of self-purification processes, but 
also the results of side pollution, tribu 
tary dilution, that 
diffieult less 
precise system of sampling 

In considering the 


other factors 
to evaluate 


and 
are under a 
desirability of 
using a statistical approach to stream 
analysis, it must be kept in mind that 
a stream presents a maze of variables- 

physical, chemical, and biological—the 
analysis of which demands the applica- 
tion of the laws of probability. Under 
such conditions, a single observation is 
virtually worthless; the development of 
a true picture and the projection of a 
reliable prediction require the careful 
and accurate application of statistical 
laws 


POLLUTION PREVENTION BY REUSE OF WASTE WATERS 


Recent completion of a new treat 
ment plant to reetify waste water from 
the Alan Wood Steel 
plants at Conshohocken, Pa., 


Company's 
will re 
lieve a major industrial pollution load 
from the Schuylkill River. The treat 

claimed to be the 
its kind and the first to be 
Schuylkill 


Pennsvlvania’s 


ment plant most 


modern of 


built alone the River to 


with water 


program, not only elimi 


nates the discharge of 


contaminating 
waste produ tS from the stee] mills to 
the river, but also acts as a water con 


servation unit 


the com 
circulate the 
treated water to the mill supply sys 
tem. Water from the river 
only to make up for losses and to keep 


The installation enables 


pany to repeatedly 
is drawn 
the system up to normal operating 
Waste from the 
steel mills are discharged to the river 


capacity waters 


only when the ready exceeds 
and then after 
ment to meet stream condition require 
ments 

The 


struction for 


supply 


demands, only treat 


plant, which was under con 


more than a vear, eost 


upwards of $775,000 
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DISPOSAL OF SEWAGE INTO TIDAL WATERS * 


By Ricuarp G. TyYLer 


Professor of Sanitary Enginecring, University of Washington, Seattle, Wash, 


Naturally. all cities located on tidal 
waters should take advantage of their 
location in disposing of their sewage 
and industrial wastes. The exact na 
ture or extent of this advantage, how 
ever, is known only in the most gen- 
eral terms and frequently too much 
or too little dependence is placed on 
its aid as a substitute for treatment in 
an orthodox disposal plant. Beeause 
so few studies of the capacity of a 
given tidal estuary to digest sewage 
have appeared in the technical press, 
the present discussion is presented for 
the purpose of describing some of the 
methods available for analyzing this 
problem. 

From time to time one reads, in 
engineering reports dealing with the 
discharge of sewers into tidal estuaries, 
that a particular tidal prism is so 
enormous that its oxygen content can 
readily take care of the sewage to be 
discharged into it without the produe- 
tion of objectionable conditions in the 
receiving waters. Although it is recog- 
nized that the sewage cannot be mixed 
throughout the entire tidal prism, the 
large excess of dissolved oxygen pres- 
ent may give ample assurance that all 
will be well and that nuisances will not 
be produced, Presently used studies 
based on the distribution of EF. coli are 
complicated by the variable rates of 
disappearance of this organism in sea 
water under varying conditions. 


Pollutional Build-Up 


Some rough estimates of tidal vol- 
umes involved in considering the sew- 


* Presented at 22nd Annual Meeting, Fed 


eration of Sewage Works Associations; Bos- 


ton, Mass.; October 17-20, 1949. 
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age disposal problem of Seattle, Wash., 
may be of interest in this connection. 
Only that part of Puget Sound south 
of Alki Point, West Seattle, will be 
considered as it is the tidal prism south 
of this point that would be involved 
in oxidizing Seattle's sewage. 

This southern portion of Puget 
Sound has a surface area of 327 sq. 
mi. Its average diurnal tidal range is 
approximately 12.0 ft. Therefore, the 
tidal prism would contain 109,200,000.- 
000 eu. ft. of water flowing past Seattle 
daily. The tides of long inland estu 
aries of this sort have peculiarities that 
are quite different from tides in the 
open ocean. These peculiarities are 
illustrated by Figure 1, which shows 
the tidal variations occurring in Puget 
Sound. The tides have one long run 
in and one long run-out per day. Be 
eause of the great irregularity in the 
tides, for the purpose of the present 
computations, it is assumed that, from 
the standpoint of carrying out the sew 
age, the tidal prism available might be 
considered as a single tide per day with 
an over-all range of 12 ft. The short 
flood and ebb tide following the first 
high will not greatly influence the total 
volume of interchange taking place. At 
the prevailing temperature and chlo 
rinity, the dissolved oxvgen content of 
the water at saturation can be taken 
as 8.6 ppm. The above volume of 
water would contain, therefore, 58,500,- 
000 Ib. of oxygen. Even assuming that 
10 per cent of this oxygen had been 
utilized to take care of the domestic 
sewage and industrial wastes entering 
this part of Puget Sound, and assum 
ing also that a residual of 5 p.p.m. of 
oxygen must be left at all times in the 
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FIGURE 1.—Tidal variations in 


Sound as 


tion © 


required by the State Pollu 
|) Commission, there would 
18,600,000 Ib. of oxy 
gen, Which could theoretically take care 
f a population of 103,300,000 on the 
hasis of 0.18 Ib. B.O.D. per capita Be 
cause metropolitan Seattle has a popu 
lation of less than 500,000, one might 
ustify an off-hand judgment that with 


mitre 


still be availabl 


this 200:1 factor of safety, sufficient 
mixing of the sewage with the Puget 
Sound water will undoubtedly be pro- 


duced by tidal currents to secure ade 


quate dilution before the effect of its 
,O.D. can make itself felt 
The problem would appear, there 
to be one of eonstructing out falls 
so as to promote effective dispersion of 
the sewas throughout Puget Sound 
waters and prevent local pollutional 
rroblet it the outfalls Proper at 
tention would, of course, be given to 
ehlorinat { the sewage and invest! 
itions of poss ble formation of sludge 
banks at sewer outlets 
It is recognized, of course, that suel 


reasoning greatly oversimplifies 


problem Hlowever, to secure the data 


Puget Sound at Seattle, Wash. 


determine 


to the resultant 
pollution in such eases has been labori- 
The pollutional build- 
up that occurs from the shuttling baek 
and forth of sewage in any tidal estu- 


necessary 


ous and costly 


ary may be much greater than antici- 
pated. On the other hand, a stratifica- 
of the fresh may 
produce bottom currents, the existence 
of which may 
effects difficult 
tion found in 
problems involved in major harbors is 


tion and sea water 
be unsuspected or its 
to evaluate. Informa- 
the literature on these 
sO eomplex that the present diseussion 
of methods employed in analyzing two 
less complicated situations, followed by 
comments concerning a relatively new 
for in 
studies, may be of interest 

The least complex mathematical 
analysis of the magnitude of this pollu- 
tional build-up is based on a considera- 
the 


piece of se such 


apparatus 


tion of proportion of sewage re- 
maining 


tidal eycle. 


in the estuary after a single 
If this can be determined, 
the computations involved are simple. 
Thus, if ¥ is the proportion of the sew- 
age remaining in the estuary or harbor 
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after one tidal cycle, ¥ +X? will be 
the proportion remaining after two 
eveles, and + X? + + will 
be the proportion remaining after n 
However, 


x (i — X") 


Because Y is always less than 1, Y" 
rapidly approaches 0 and the right- 
hand side of the summation equation 
approaches Y /(1 -- Y) as a maximum. 
The rapidity of build-up with inereas- 
ing percentages of sewage remaining 
in the harbor is shown graphically in 
Figure 2 


eyeles. 


Determination of X 


The determination of Y for any 
viven case may be difficult. Two meth- 
ods that have been emploved in Pacific 
Northwest studies will be deseribed 
briefly. 


Model Study 


At Alberni, on Vancouver Island, 
Bb. C., Tully, et al. (1) determined the 
value of XY by the use of a model. 
Alberni is located at the upper end of 
a long, narrow inlet, fed by the Somas 
River and discharging into the Pacific 
A model of the upper end of 
the inlet was constructed on seales of 
approximately 1:4,500 horizontal and 
1:300 vertical, or a seale ratio of 15:1. 
The introduction to the report makes 
the following explanatory statement : 


Ocean. 


“A distorted model of the head of Al- 
berni Inlet, latitude 49° 15’ N, longitude 
124° 50’ W, was constructed in plaster. 
The independent variables, including the 
range of the tide, discharge of the river, 
and the foree and direction of the wind, 
could be controlled independently. The 
dependent variables of tidal flow and ex 
change of water, and the vertical and 
lateral chlorinity gradients, were repro- 
duced to seale. 

“The height and phase of the tide, and 
the wind foree and direction were indi- 
cated by gauges, and the course of the 
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water movements were traced by a dye 
solution. ... Permanent records of the 
flow were made with moving pictures.” 


The model was relatively inexpen 
sive but appeared to give satisfactory 
results. Good checks were obtained 
between its operation and the water 
movements, salinity gradients, ete., in 
the prototype. The authors determined 
that the tidal build-up or maximum 
probable pollutional concentration to 
be anticipated in the inlet would not 
exceed 85 per cent of the total waste 
discharge per tide. They believed that 
the accuracy obtained was well within 
the limits of observation. 


Chlorinity Study 


Two reports (2) (3) deseribe in de 
tail a second method for determining 
this pollutional build-up, as used by 
the Washington Pollution Commission 
(now the Washington Pollution Con- 
trol Commission) in its study of Grays 
Harbor. The Commission sought to 
determine the length of time required 
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FIGURE 2.—Pollutional build-up in 
tidal estuaries. 


ak 
} 
Be 
| 
: 
te 
i 
i; 
fie 
| 
| 
——- 70 ay 
j 
* | | 
Aye 
| 
“4 
4 
4 
{ {4 
+3 
é 


for water from the Chehalis River to 
pass through the harbor and dischargs 
into the Pacific Ocean with its pollu- 
onal load, or to express it differently, 
the percentage of harbor water re 
laced per tide by the river water plus 
ater from the Pacifie Ocean. 

The method employed was to deter 
inine the mean chlorinity of the water 
n the harbor and of the entering river 
ind sea water during a period of low 
er flow. This is the period of maxi- 
mum oxygen depletion and occurs dur 
ne the summer At this season, the 
rher fresh-water temperature in 
reases the rate of oxygen demand of 
the local pollutional load, consisting of 
domestic sewage and the sulfite waste 
liquor from a local pulp and paper 
mill. Figure 3 shows the general geo 
rraphic features of the harbor and the 
location of the sampling stations. The 
higher temperature also decreases the 
D.O. present in the harbor and river 
ater, while the river’s summer flow 
s at a minimum. Thus, the oxygen 
emand is at its maximum value at 
the same time as the oxvgen being sup 
lied is at its minimum 

The task of determining the average 
hlorinity required many determina 
tions \fter some preliminary invest! 
ration, it was found satisfactory to take 
samples at the surface, at 15 ft. depth, 
and at the bottom Determinations 


‘e made both at high and 


low stages 
f the tic at S4 established points 
hroughout the harbor 

The following from the published 
eport gives data obtained from these 
studies vhich oecupied parts of the 
immers of 1937 and 1939 


Luar ‘ ‘ when the amples wert 
ken fire hich the following data were 
ned, the rivers emptying into Grays 
Harbor were t their lowest levels and 
dischargu it a fairly constant rate 
The erage ¢ ited discharge for the 
pe Ang. 16 to Oet. 6) was 611 
nd-feet and the iverage for the 1939 

\ ] Sep iD vas 792 se 

tec the erage for the two peri 

being 709 seeond-feet 
| | 
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“From the distribution of chlorinities in 
the harbor . .. the average chlorinity of 
the 16,500,000,000 eu. ft. of water in the 
upper part of the harbor, which is a mix 
ture of various proportions of sea water 
and fresh water, was computed. At mean 
low tide, this water oceupies that part of 
the harbor between Station 71 and Station 
100 (see Figure 3) and at mean higher 
high tide, which is about 10 ft. at Port 
Dock, this water occupies that part of the 
harbor between Station 30 and a_ point 
west of Station 55. The mean chlorinities 
so determined were 14,020 p.p.m. and 
15,560 p.p.m., respectively, and the average 
of these values, 14,790 p.p.m., will be 
taken as the average chlorinity of this 
water. The chlorinity of the sea water 
entering Grays Harbor was found to be 
17,500 p.p.m. on the basis of a number of 
amples taken at Stations 100 and 101 on 
incoming tides 

“The periods of observation were pur 
posely chosen to cover times when the river 
flows were fairly constant. Therefore, to 
account for the observed average chlo 
rinity of the body of mixed sea water and 
fresh water maintained during the two- 
nonth period of low river flows, 5.46 eu. 
ft. of sea water [14,790/(17,500 — 14,790) | 
‘ntered the area with each eubie foot of 
fresh water. Because the tides follow the 
moon more closely than the sun and _ be- 
cause the lunar day is on the average about 
5) min. longer than the solar day, the aver- 
age duration of one eyele of the tide in 
places where there are two high waters and 
two low waters each lunar day is 12.42 
hr. During one average flood and ebb of 
the tide, 12.42 x 3,600 x 709 = 31,700,000 
eu. ft. of fresh water entered the upper 
part of Grays Harbor from the Chehalis 
River system. In order to maintain the 
chlorinity of 14,790 p.p.m., 5.46 & 31,700,- 
0) 173,000,000 eu. ft. of sea water 
mixed with the water in the upper part of 
the harbor. Thus, only ... about 1.2 per 
cent of this body of water with its pollu 
tional load was renewed with each cycle of 
the tide 

‘The average time of detention of fresh 

ter in the upper part of Grays Harbor 

obtained by dividing the river dis 
irge rate into the total amount of fresh 
iter in that part of the harbor. This 

verage time of detention is about 80 


es of the tide or about 42 days.” 
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The concentration of pollution in 
the water retained in the harbor for 
the above deter- 
mined as 1.2) % 
ORR 

total 
and sulfite waste 
retained at all times in the 
Harbor was 82.3 times the tidal pollu 
tion load (TL) or 12.42/24 = 42.7 times 
the daily pollution load, which checks 
the observed detention 


conditions may be 
follows: Y (100 
whence Y/(1 A 
0.012 82.3 Therefore, 


sewage 


QR ge 
the 
quantity of 
liquor 


To get the pollutional load being dis- 
the harbor one should 
add to this the load for one tidal eyele, 


charged from 


as the figure of 82.3 times this load 
represents the load remaining in the 
harbor permanently = 82.3 TL. One 


tidal load is therefore to be added to 
this, making the concentration of the 
Water passing out of the Harbor 83.3 
TL. A check on this concentration can 
be obtained by considering that the 
12 per cent of the outgoing tidal 
ismi that is exchanged for clean wa 
r, times its concentration, equals the 
tidal pollutional load, TL. Therefore, 
the concentration 100 TL/1.2 = 83.3 
TL 

In the case of Grays Harbor, how 
interest is not 
effects upon 


ever centered on its 
the Pacifie 
Ocean, but in the conditions existing 
within the harbor itself where, at Sta 
2 and 53, the D.O. approached 
wero. The report indicates that the 
water leaving the harbor had its D.O 
restored to 80 per cent 


Although the recuperative ca 


polluting 
tions 5 


saturation or 
better 
pacity of the harbor is not under econ 

of this 
figure with the actual pollution leaving 
tests at 
would give a measure of 


sideration here, a comparison 
the harbor 
Station 100 


this 


as indicated by 


recuperative capacity, Say in 
terms of oxy 


and through 


ren absorbed from the air 

photosynthesis, per acre 
of harbor area at average tide elevation. 
A study that 


costly in time and funds, but knowledge 


such as deseribed is 


gained from the Grays Harbor study 


should make other similar investiga 
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tions simpler and less time-consuming. 
The principal reason for discussing 
this study in detail is to emphasize the 
fact that wastes remained in the harbor 
for more than 40 days, which should 
point to the importance of the pollu- 
tional build-up of tidal basins. Also. 
the harbor served as a disposal plant 
that removed 80 per cent of the B.O.D. 
loading placed on it. However, the 
fish fared badly in this disposal plant. 


STD Indicator 


During World War II an improved 
piece of equipment was developed for 
making determinations 
of the salinity, temperature, and den- 
sity of sea water. 


instantaneous 


This apparatus is 
referred to as a ‘‘salinity-temperature- 
density indicator,’ or more familiarly 
as the STD indieator. A recent brief 
use Of this apparatus in making a study 
of current patterns in Commencement 
Bay on Puget Sound convineed the 
author of the usefulness of this new 
tool in the analysis of pollution in 
tidal waters. While making a study 
to determine the capacity of Commence- 
ment Bay to handle the sewage from 
Tacoma, Wash., the author learned that 
the Oceanographic Laboratories of the 
University of Washington had recently 
acquired one of the indicators. Ar- 
rangements were made to make several 
runs through Commencement Bay to 
determine surface salinities and salini- 
ties over various vertical cross-sections 
located at right angles to the main axis 
of the bay 


ures § 5, 


This work (ineluding Fig- 
and 6) represents results of 
research carried out by the University 
of Washington Oceanographic Labora 
tories. 

The collection of field data for this 
work required only 3 or 4 days, the 
computations and plotting of the cross 
sections few additional 
However, more data were ob- 
tained in that short time for determin- 
ing the relative quantities of fresh and 
salt water in the bay and the prevail- 
ing current pattern than could have 


requiring a 
days. 
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been acquired in any other way in 
much longer time and at much greater 
expense. From these data some quite 
unusual flow patterns were found to 
exist; patterns which had been sus- 
pected, but which would have required 
very many chemical analyses, float ob- 
servations, and a long, expensive study 
program to determine. 

Figure 4 shows two of the cross-sec- 
tions, located parallel to each other. 
That in Figure 4a is about 2,000 feet 
from the mouth of the Puyallup River; 
that in Figure 4b, approximately 2,000 
ft. farther out in the bay. From these 
cross-sections, it is apparent that the 
river water is confined principally to 
the immediate surface of the bay, al- 
though some mixing has occurred to 
affect the salinities for some distance 
down from the surface. It is highly 
probable that the deeper dilution rep- 
resents mixtures of fresh and salt wa- 
ter returned from Puget Sound by in- 
coming tides, as it would be impossible 
to mix fresh water to these depths in 
traveling a distance of 2,000 to 4,000 
ft. from the river’s outlet. The per- 
eentage of river water in these two 
sections is found to be 1.23 and 1.49 
per cent, respectively. The incoming 
river water is thus confined very largely 
to the upper foot or so of the bay’s 
depth. This checks results previously 
determined by sampling. The STD 
indicator used in this study, however, 
because of the yaw of the boat from 
which it was swung, did not give a 
sufficient refinement in measuring to 
determine this upper part of the sa- 
linity gradient with the desired ac- 
curacy. In fact, in determining the 
surface salinity distribution, the 
equipment is dragged behind the boat 
at a depth of approximately 3 ft., al- 
though most of the river water with 
its sewage load is in the upper foot 
or so of the harbor water. 

The sections shown in Figure 4 were 
taken toward the end of an ebb tide. 
The salinities, however, show clearly 
that flow is in the opposite direction 
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FIGURE 4.—Vertical salinity distribu- 
tion in two cross-sections; Commencement 
Bay, December 1, 1948, ebb tide. 


to that in which the tide is going, or 
from the outer to the inner section. 
It should be noted, for example, that 
the relative locations of the 30.1-line 
in the two sections indicate that this 
heavy water has been forced upward 
toward the surface of the bay in the 
inshore sections (Figure 4a) by the 
decreasing depth of the ridge near 
the left side of the section. These up- 
wellings of the bottom stratum are 
easily recognizable by surface turbu- 
lence and clear water, and are char- 
acteristic of other observations in simi- 
lar areas. They dramatically show the 
way in which the heavy water is foreed 
upward by any decrease in cross-sec- 
tional area. In this case, the upwelling 
is caused by the decreased depth of the 
inner section; but it could be pro- 
duced also by a narrowing of the 
channel. Figure 6 also shows the ex- 
tent of this upwelling (on another ebb 
tide), which extends along the entire 
southwesterly side of the bay and 
swings across the industrial water- 
front, as hereinafter discussed. 
Depth samples, which had been 
taken previously for analyzing the wa 
ter at the bottom of the bay, had con- 
vinced the investigators that either the 
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deeper waters flowed inward toward 
the mouth of the river at all stages of 
the tide. or their outflow was at much 
ower velocities than that of the sur 
act The sampler always swang 
strongly in toward the river's mouth 
after being lowered 100 ft. or more, 
but as the sampling boat was not an 
chored only the relative motions could 


he judged 


Puget Sound Tidal Movements 


In order to understand the move 
ment of the water in Commencement 
Bay, an earlier salinity study made 
with this equipment at the entrance of 
Puget Sound from the Strait of Juan 
de Fuca will be discussed. Figure 5 
shows the plan and a sketch of the 
cross-section along the central axis of 
Puget Sound at this point, where the 


oF JUAN Of FUCA ve sound 
+ 


UNDERWATER WATERFALLS 


STRAIT OF JUAN DE FUCA 


LOCATION OF FALLS 


FIGURE 5.—Location and cross-section 
of underwater waterfalls at entrance to 
Puget Scund 


water is about 300 ft. shallower than it 
is farther south. Thus, in effect, a sub- 
merged dam extends across the en- 
trance of the sound. On incoming 
tides, heavy water from the depths of 
the Pacific, having worked its way up 
through the strait, flows over the sub- 
merged dam into Puget Sound as in- 
dicated. This produces a tide rip 
where the heavy water drags down 
with it some of the outgoing lighter 
surface water. Its cause, extent, and 
detailed behavior have only recently 
been made elear through the observa- 
tions of the Oceanographic Labora- 
tories as above noted. 

This large submarine river of heavy 
water then flows southward along the 
bottom of Puget Sound, filling its 
lower levels, and strikes the projecting 
southerly shore of Commencement Bay 
perpendicularly. Here it divides, with 
part flowing in a westerly direction 
around Point Defiance and continuing 
southward. Another part flows east- 
erly along the bottom of the bay, fol- 
lowing the city waterfront to the City 
Waterway, thence northerly, as shown 
in Figure 6, producing in the bay a 
counter-clockwise rotation, which tends 
to keep it flushed out. The Puyallup 
River is foreed toward the northeast 
erly side of the bay, where it flows out 
around Brown Point after having been 
mixed with this submarine stream of 
heavy water through the welling up 
of the latter during the outgoing tide. 
By removing a 12- to 16-ft. layer of 
water from the surface, the ebb tide 
encourages this upwelling, which is fur- 
ther aided by its flow along the bay 
bottom as it turns abruptly upward at 
its southeasterly end. 

The phenomenon of underflow of 
sea water is a familiar one in rivers 
emptying into the ocean In fact, 
some years ago, after the construction 
of the Ballard Locks (Seattle) in the 
Channel connecting Lake Washington 
with Puget Sound, observations indi 
‘ated a considerable encroachment of 
sea water moving along the bottom of 
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FIGURE 6.—Surface salinities and bottom flow of incoming tide in Commencement Bay. 


the channel toward Lake Washington, 
which it would eventually spoil as a 
fresh-water lake. To prevent this, a 
large sump was excavated at the up- 
stream end of the locks, in which the 
salt water accumulated and from which 
it was pumped continuously back be- 
low the locks. However, information 
has not appeared in the technical press 
describing such large submarine 
movements of sea water as that found 
to be oceurring in Puget Sound. 

This phenomenon obviously makes 
difficult the estimation of the amount 
of dissolved oxygen furnished by the 
tidal prism of Puget Sound. It is 
probable that the heavy water, in fore 
ing the lighter fresh water with its 
pollutional load to flow off on the sur- 
face rather than mixing with a con- 
siderable depth of sea water, may tend 
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to flush pollution out of Puget Sound 
more rapidly than would be the case 
if the submerged dam at its entrance 
did not exist. On the other hand, there 
are insufficient data to indicate to what 
extent the inflow of this heavy water 
drags down with it the polluted fresh 
water, which is headed out to the strait, 
thus carrying it back into the main 
body of the sound. This matter un 
doubtedly can be determined in time 
with the equipment under discussion 

The matter of principal interest to 
sanitary that there is 
available a new tool for determining 
movements of mixed fresh and sea 


engineers is 


water at all depths, and that much 
useful information can be obtained by 
Not only can enough data be 
obtained in a relatively short time so 
that 


its use. 


nearly simultaneous movements 
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throughout the body of water under 
investigation ean be observed, but also 
the cost is far below that of methods 
heretofore used. The Tidal Current 
Charts of Puget Sound prepared by 
the U. 8. Coast and Geodetic Survey 
report surface flows only and present 
a very different flow pattern from 
that herein described. The charts 
show the flow to be outward along the 
southerly shore of Commencement Bay 
throughout the entire tidal cycle. The 
data just presented, however, show that 
the bottom flow is in exactly the op- 
posite direction in the greater part 
of the bay. 

A contour map of the bottom of 
Commencement Bay (Figure 7) is of 
interest in showing the scour caused 
by the movement of heavy water here 
tofore discussed. The channels scoured 
out in both directions along the city 
waterfront are clearly shown by these 
contours, as is also the channel fol- 
lowed by the combined river and heavy 
water as it leaves the bay at its north 
easterly corner. These give added 
proof of the flow pattern of the heavier 
bottom waters of the bay. 

In a study made by author in 1944 
with reference to the disposal of Ta 
coma sewage, an observer was placed 
on the roof of an office building over- 
looking the bay to observe and sketch 
the line of demareation, at 1%4-hr. pe- 
riods, between the turbid river water 
and the clear sea water. We became 
aware at that time that a tremendous 
amount of mixing between these two 
waters was occurring on the outgoing 
tide. For example, during the first 
ly hr. of these observations, although 
the tide had been running out for 2 
hr., the entire river-water front, for 
a depth of approximately 44 mi., dis- 
appeared through vigorous mixing with 
the sea water from underneath. In 
the next 1 hr. the river water moved 
out toward Puget Sound a distance of 
about 1144 mi. During the next % 
hr., however, this advance also was 


completely swallowed up by clear sea 
water, which could be seen in some 
places to be welling up from the depths 
of the bay. 

At times, large areas of clear water, 
2,000 to 3,000 ft. across, would appear 
quite suddenly in the area covered by 
turbid river water. In fact, at one 
time a channel was cleared along the 
city waterfront all the way back to 
the southeasterly end of the bay, as 
shown in Figure 6, thus following the 
channel of the submarine river hereto- 
fore deseribed. 

The most important feature of this 
stratification and flow pattern is that 
it greatly decreases the time of deten- 
tion of sewage and industrial wastes 
in the bay. Whereas in the Grays 
Harbor study it was found that the 
waste remained in the harbor for 42 
days under the conditions existing dur- 
ing the investigation, in Commence- 
ment Bay the wastes are tremendously 
diluted and are swept out of the bay 
in one day or less. Obviously, it is 
important to investigate bottom cur- 
rents as well as those on the surface 
and these have too often been neglected. 
Although special types of current 
meters can be used for this purpose, 
the process is slow and tedious. Such 
meters should be used, of course, along 
with the STD indicator, for determin- 
ing velocities and confirming directions 
of flow. 

The equipment herein discussed is 
not readily available, as there are in 
existence only four units. (One at the 
University of Washington, one each 
at the Oceanographic Institute at 
Wood's Hole, Mass., and La Jolla 
Calif.; and one at Johns Hopkins Uni- 
versity. ) It is understood, however, 
that a well-known instrument manu- 
facturing company is willing to build 
this equipment if as many as 12 are 
constructed. Probably, no more use- 
ful mechanism (the cost of which may 
approximate $5,000 to $6,000 in addi- 
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FIGURE 7.—Contour map of bottom of Commencement Bay. 
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tion to the cost of a boat) could be 
carried as equipment by large coastal 
cities, as it would be possible, if desired, 
to use it to make annual surveys of the 
pollutional situation adjacent to sewer 
outfalls so as to determine the efficacy 
of existing methods of disposal or the 
need as it developed for additions or 
modifications thereto 
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DISCUSSION 


By Ricuarp H. 


Director, Division of Sewage Disposal, Department of Public Works, New York, N. Y. 


In general, too little is known of the 
nature of tidal flows in estuaries that 
receive polluting wastes and the effect 
of these flows on the dispersion of 
these wastes, Professor Tyler has ren- 
dered a distinet service in calling at- 
tention to underflows resulting from 
the differing densities of ocean and 
upland waters. He has ealled atten 
tion to the studies of the Washington 
Pollution Control Commission in which 
the salinity of the receiving waters, to 
gether with their volume and that of 
the incoming fresh waters, is used to 
establish the time of contact of pollut 
ing materials in the area under study 
His formula appears logical, onee the 
all important element Y can be deter 
mined It would be somewhat clearer 
if this formula were expressed in terms 
of the days of detention of the daily 
pollution load, rather than of the daily 
pollution load as such. The total pol- 
lutional load developed in a specific 
urea is, of course, the load that ean be 
developed by the daily contribution 
over the period of time that the daily 
contribution remains in the area under 


study. The total load is by no means 
a straight-line function with time. 
New York City is very conscious of 
tidal currents and their tremendous 
importance in the problems of sewage 
disposal. A few simple examples will 
point out some of the considerations 
discussed by Professor Tyler, as they 
have been found in New York Harbor. 
The Hudson River, with an average 
summer runoff of nearly 7,500 e.f.s., 
flows through New York Harbor, which 
finds outlet to the Atlantie Ocean 
through The Narrows and to Long 
Island Sound at Throggs Neck. The 
large areas of the harbor, the Hudson 
River, and Newark Bay result in large 
tidal flows. The tidal flow at The 
Narrows is about 12,000,000,000 eu. ft. 
The flow of the Hudson River in 6 hr. 
is only a little over 1 per cent of this 
amount Surface currents do not tell 
the whole story U. S. Coast and 
and Geodetic Survey current measure- 
ments at The Narrows, for example, 
show ebb currents running a distance 
of 9.9 nautical miles, whereas flood 
currents run only about 4.1 mi. The 
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answer, of course, is that there is a 
heavy underrun of denser sea water 
that is not apparent from surface 
floats. 

One important local condition is that 
the tide running up Long Island Sound 
takes about 3 hr. longer to reach its 
high at Throggs Neck than it does di- 
rectly from the ocean at The Narrows. 


FIGURE 1. 


The interference of the two tides cre- 
ates a tidal range of about 8 ft. in 
Long Island Sound, as compared with 
4.5 ft. in the inner harbor. The 3-hr. 
lag and the difference in range results 
in steep hydraulic slopes and heavy 
currents in the East River. 

A relatively small flow of fresh wa- 
ter passes out to Long Island Sound 
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and the currents in the East River are 
largely oscillatory A float released 
in the East River ran for 31% days, 
covered 107 mi., and ended up about 
1 mi. from its starting point 

The effect of tidal currents in dis 
tributing the load of pollution through 


out the harbor is noteworthy. Sewage 
dosage in New York Harbor was about 
comparable to that allowed on a good 
slow sand filter (about 30,000 g.p.d 
per acre That in the Harlem River 
was about & times the average. The 
Lower East River has a heavy load 
100,000 g.p.d per acre). The effect 
of the tidal currents is to swap the 
material around, indicated by 
B.O.D. and D.O. values 

The section covered by Figure 1 is 
the Hudson River from the southerly 
tip of Manhattan to the northerly cit) 
line It is intended to indicate the 
magnitude of the interchange of cur 
rents of dense water from the ocean 
with the lighter river water. The City 
has been recording summer salinities 
at the top and bottom for more than 
10 vr. The Hudson River flow is also 
a long-term (27 yr.) reeord 

It will be noted that at the city line 
there is about 30 per cent sea water at 
the top and 40 per cent at the botton 
If the fresh Hudson River water flows 
out with SO per cent of the total flow 
of sea water, there is a downstream flow 
of a little over 10,000 ef.s. However, 


to supply the outgoing salt water there 


must be an upstream flow containing 
salt water. If this takes place at bot- 
tom salinities there is an upstream flow 
closely approximating that of the Hud- 
son in magnitude. Progressing down- 
stream, the magnitudes of the two 
countercurrents increase. Actually, of 
course, flows in opposite directions oe- 
cur only near the change of tides. 
Such phenomena have been observed. 

By means of these salinity readings, 
a knowledge of the Hudson River 
stream flow, and the volumes in the 
section, times of detention can be com 
puted. That for the section shown is 
about 11 days. 

Particular attention is direeted to 
the fact that, in the section covered 
by Figure 1, determinations made in 
1933, before New York City had gone 
very far with sewage treatment, showed 
that D.O. values at the surface were 
much higher than those at the bottom. 
It would appear that the upstream eur 
rent along the bottom is earrying up- 
stream water already depleted of part 
of its oxygen and possibly carrying also 
some decomposing organic matter. 
Such possible considerations make it 
difficult to be too positive in the appli- 
cation of time and temperature rela 
tionships in figuring the oxygen 
demand of polluting materials 

There are so many variables in most 
tidal estuaries that great caution must 
be used in fitting theories to conditions 
as they exist 
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Conpucrrp sy Hersert P. 


STANDARD IDENTIFICATION OF PIPING 


With the complexity of piping sys- 
tems found in modern sewage and 
industrial waste treatment plants the 
need of some means of readily identi- 
fying the contents of such syste.ns is 
apparent. Not only is there the fact 
that numerous fires and personal in- 
juries have occurred and much valu- 
able property has been destroyed or 
damaged because of snap decisions as 
to pipe contents, but also the further 
hazard that comes when an emergency 
requires assistance from an _ outside 
agency (for example, a fire depart- 
ment or a police emergency squad) 
whose personnel are unfamiliar with 
the plant piping layout. Obviously 
some simple and universal identifica- 
tion scheme is in order. 

Such an identification system for 
piping is already in use in many in- 
dustrial plants. The piping identifieca- 
tion scheme, developed under the joint 
sponsorship of the National Safety 
Council, the American Standards As- 
sociation, and the American Society of 
Mechanical Engineers, specifies the use 
of a general identification plan, and 
goes on to suggest the possible use of 
a specific identification plan. It is ap- 
plicable to all piping systems, but ex- 
eludes pipes buried in the ground or 
used as electric conduits. 


General Identification 


In using the national code, all piping 
systems in the plant are classified in 
one of five groups, depending on the 
nature of the materials carried. Dis- 
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tinetive colors (see Table I) have been 
assigned to each group so that anyone 
by simply glancing at a pipe can tell 
to which classification it belongs. Un- 
der the heading of ‘‘Fire protection 
materials and equipment”’ should be 
included sprinkler systems as well as 
other fire protection systems; where a 
drinking or service water system has 
special outlets for fire protection, the 
fire outlets only should be painted red, 
the remainder being painted green. A 
dangerous material is always danger- 
ous, despite the fact that in certain 
special conditions some may logically 
be called safe. The dangerous elassi- 
fication includes corrosive, flammable, 
explosive, or poisonous substances. A 
normally safe material may, however, 
become dangerous—for example, a wa- 
ter pipe over quicklime. In this case 
it should be considered safe wherever 
it is safe, and dangerous only at the 
locations where it is dangerous. 


TABLE I. —Identification of Piping System 
Contents by Color 


Classification 

Letter Description 

F Fire protection materials 

and equipment Red 

| Dangerous materials Yellow! 

8 Safe materials Green? 

P Protective materials Bright blue 

V_ | Extra valuable materials | Deep purple 


' Or orange. 
2 Or the achromatic colors (white, black, gray, 
or aluminum). 
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The color may be applied over the 
entire length of the pipe, or in color 
bands & to 10 in. wide near valves, 
fittings, and pumps, and at intervals 
along the line to imsure ready recog 
nition during operation, repairs, and 
at times of emergency 

Specific Identification 

Specific identification of the material 
in a pipe can be accomplished by a 
stenciled legend painted on each pipe 
or by the addition of one or more eolor 
stripes The former method is prefer 
able, with the stencils naming the ma 
If the direction of flow 
is important, arrows also should be 


terial carried 


painted on the pipe 

If complete color painting is used 
for general identification the legends 
should be stenciled near valves, fittings, 
and pumps, and at repeated intervals 
along the line. If color bands are used 
for identification, the legends should 
be stenciled directly on the bands 
Legends are usually applied with black 
paint if the background color ts light 
If the background color is dark, the 
legend is steneiled on a rectangular 
portion made light with aluminum 
paint 
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It is important to stencil the legend 
on the pipe so it is easily visible to 
workers on the normal floor level. If 
the pipe can be seen from both sides, 
the legend should appear on both 
sides; if near a wall, it may be suffi- 
cient to have it only en one side 

Color stripes for specifie identifica- 
tion are permitted by the national 
code, although no recommendations are 
viven eoncerning selection of colors 
If used, they 


In case of 


legends are preferred 
should be 2 to 4 in. wide 
complete color painting for general 
identification, the stripes should be ap 
plied at valves, fittings, and pumps, 
and at repeated intervals along the 
line. Where color bands are used for 
veneral identification, the color stripes 
should be applied at the edges of the 
color bands. 

For all identification scheme color 
ing, whether general or specific, colors 
should be selected that have the least 
chemical reaction with prevailing gases 
or vapors, particularly if moisture is 
present. Otherwise, the chemical ac 
tion may cause the pigments to change 
color, thus defeating the entire pur 
pose of the identification system 


SLUDGE UTILIZATION * 


1949 Operators’ Forum 


Chairman LeRoy W. Van Kleeck, 
Principal Sanitary Engineer, State De 
partment if Health, Hartford, Conn 

Many factors are involved in the ques 


tion of whether to dispose of sludge 


or to utilize it. There is even eonsider 
able overlap in the two fields of thought 
if the word ‘utilization’ is interpreted 
* From transcript of 1949 Operators’ Forum 
‘nd Annual Meeting, Federation of Sewage 
Works Associations; toston, Mass.: October 


17-70. 1949 


One of six subjects discussed 


liscussions of other subjects have been p 
ahed (Feb., 1950, p. 245 
Mar., 1950, p. 357; Apr., 1950, p. 561) or 


eceeding issues 


ditferently—that is, does utilization 
include production of sludge gas; or 
does utilization begin only after the 
treatment plant has completely fin 
ished with the sludge? Such ques 
tions, however, will be left to the two 
well-qualified speakers who open the 
discussion of this subject 

W. Rudolfs, Chairman, Dept. of Sani 
tation, N. J. Agricultural Experiment 
Station, Rutgers University:—Some 40 
vears ago Raymond Wells of Homer, 
N. Y., wrote a paper on the ‘‘ Economic 
Values of Sewage and Sewage Sludge.’’ 


His thesis was that sewage and sludge 
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should be utilized for their fertilizing 
values. He felt that the problem of 
sludge disposition was not impossible, 
but difficult, requiring the cooperation 
of chemists, engineers, business men, 
and politicians. In many respects we 
are at the same place today. Coopera 
tion and good-will are necessary. 

There are, at present, primarily two 
schools of thought: (1 destroy the 
filthy mess, and (2) conserve all pos 
sible to restore worn out soils and keep 
food plant production at a high level. 
The destroyers say that their methods 
are the cheapest and most hygienic, 
cause the least difficulties, and prevent 
nuisances. The conservationists pre 
sent arguments based on the value of 
sludge for soil building and stimula- 
tion of plant growth. I happen to be 
long to the conservationists, believing 
that, particularly for the smaller sew- 
age plants, sludge utilization may be 
less costly than destruction. After all, 
utilization of sewage and sewage sludge 
is fundamental to the earliest methods 
of disposal (irrigation, sewage farm- 
ing) and there is nothing that has 
changed this basie principle. During 
the years many and varied attempts 
have been made (composting, sludge 
digestion, sterilization, ete.) to reduce 
or prevent nuisances and possible dan- 
gers attendant on the utilization of 
human wastes. 

In respect to public health dangers, 
there seems to be a good deal of mis- 
apprehension. Experiments made dur 
ing the last two vears, with vegetables 
grown in polluted soil and the spray- 
ing of E. coli cultures and feces on 
vegetables, show that the organisms are 
rapidly killed under natural conditions 
and the numbers of organisms found 
on growing tomatoes, even sprayed 
with raw sewage or feces, are at har- 
vest time not greater than those grown 
in unpolluted soil, provided the spray- 
ing was stopped about a month before 
the tomatoes were picked. It is not 
a usual practice in this country to ap- 


ply raw sewage, nightsoil, or raw 
sludge to the vegetables. 

The use of sewage for irrigation, 
sludge for soil building, and, more re- 
cently, industrial use of effluents, is in 
effect nothing else than what has been 
practiced for many vears. In addition 
to the use of sludge as fertilizer or 
fertilizer base, the utilization of gas 
and recovery of by-products, particu- 
larly from unusual or industrial sew- 
ages—such as grease and soap (Brad- 
ford, England), methyl aleohol and 
formaldehyde from gas (Johannes- 
burg, South Africa), and aleohol and 
acetone (Japan) -—-indicates the possi- 
bilities of conservation on a broader 
scale. However, perusal of these possi- 
bilities would lead into longer diseus- 
sion than is warranted here. Our 
thesis is: Utilize wherever possible, 
rather than destroy. 

R. W. Rowen, Vice-President, Nich- 
ols Engineering and Research Corp., 
New York, N. Y.:—Obviously, I am 
biased in favor of heat drying or in- 
cineration of sludge as compared with 
any other methods of disposal. How- 
ever, this leaning towards incineration 
is based on a sincere belief that it is 
the most satisfactory method of sewage 
sludge disposal. It certainly is the 
most sanitary, in that the end products 
are CO,, H.O, the nitrogen gases, 
and inert mineral ash. No other 
method of sludge treatment converts 
it to a state where it is absolutely 
harmless forever more. 

Sludge drving or incineration offers 
some very interesting possibilities that 
have not been fully exploited, partieu 
larly in the simplification of plant op- 
eration and = design For example, 
Milwaukee, Wis., has been incinerating 
vrit and screenings without the addi- 
tion of sludge for more than 10 years, 
whereas Detroit, Mich., burns its 
screenings, grit, and skimmings along 
with its filtered sludge. This method 
of handling has eliminated the cost of 
plant construction and operation, as 
well as the nuisance, of disposal of 
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these other end products of sewage 
treatment. The fuel value contained 
in grit and sereenings is sufficient to 
evaporate the water present and de 
odorize the gases. Burning is prefer 
able to burial, and no washing or 
grinding is necessary 

It should be pointed out that im 
mense simplification and savings in 
plant design and operation can be ac- 
complished by the elimination of diges 
tion. In many plants, shortage of di 
gestion capacity has been relieved by 
incineration of vacuum filtered raw 
sludge to take the overload. In facet, 
about 70 per cent of all types of sludge 
incineration plants are handling raw 
sludge filter cake 

Few cities incinerate sludge (either 
as filter eake or from a drying bed 
along with garbage and refuse in hand 
stoked furnaces. The operation, in 
general, is quite unsatisfactory, as it is 
difficult to break up the sludge mass 
for effective combustion 

An incinerator plant handling both 
refuse and sludge must be located close 
to the sewage plant. This is not always 
desirable from the refuse collection 
viewpoint, as the sewage treatment 
plant takes precedence as to location 
The flash dryer or multiple-hearth 
types are finding increasing favor in 
this service, as they utilize the waste 
heat from refuse burning to dry the 
sludge. which is then burned with the 
refuse 

Another method can be used for 
combined incineration The opera 
tion consists of grinding garbage and 
discharging it directly into a multiple 
hearth incinerator along with sludge 
or, as at Ashland, Ohio, burning 
vyround garbage during the day and 
sewave sludge at night. Still another 
plant mixes the ground garbage with 
the sludge, vacuum filters the combina 
tion, and burns the resulting cake 

The third general class of incinera 
tors is that in common use for drying 
and inecinerating sewage sludge alone 
or in combination with grit and screen 


STRIAL WASTES May, 1950 


ings. In the flash-dryer type, the filter 
eake is mixed with a portion of return 
dry sludge from the process, dried to 
about 35 per cent moisture, and dis- 
charged to the flash drver, where it is 
reduced to about 10 per cent moisture 
A part is returned for mixing with 
the new filter cake, the balance being 
finished as fertilizer or used as fuel 
in the furnace. 

Another in the same class is the mul- 
tiple-hearth fype, in which drying 
takes place on the upper hearths and 
burning on the lower ones. When op- 
erated as a dryer, the gas flow in the 
furnace is reversed (top to bottom ) 
with burning on the top hearth only, 
to avoid overheating or seorehing the 
material being dried. 

Incineration is complete disposal, is 
unquestionably sanitary, is economical, 
and is dependable, regardless of 
weather conditions. 

Dr. Rudolfs:—There seems to be 
considerable misapprehension with re- 
spect to the so-called ‘*sanitary’’ con 
ditions involved in sludge utilization 
Putting sludge on land has been con- 
sidered a somewhat dangerous propo 
sition. However, during the last two 
years considerable experimental work 
has been devoted to finding out how 
dangerous it really is, through the me 
dium of applying to the land raw 
sludge. digested sludge, horse manure, 
and artificial fertilizers. Vegetables 

specifically, tomatoes and spinach 
vrown in the supposedly polluted soils 
show no greater numbers of coliform 
organisms than do those grown in the 
artificially fertilized soils. Even after 
cultures of sewage solids are applied 
directly to tomatoes, if a few days is 
allowed before re-testing, the number 
of coliform organisms is no greater 
than that ordinarily found on toma- 
toes as marketed. Fresh feces put on 
vegetables completely disappeared af- 
ter 3 days. With the amount of sun- 
light ordinarily received by the vege- 
tables in the field the danger is very 
slight 
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As to barging sludge to sea; aside 
from the cost it is a good scheme. It 
supplies an enormous amount of fish 
food, both directly and by fertilizing 
of sea plants. This in turn helps one 
of the great natural resources of any 
country, its fishing industry. 

W. B. Walraven, Engineer, Spring- 
field Sanitary Dist.:—-We have 
no trouble in getting rid of all the 
sludge produced from a sanitary dis- 
trict serving about 110,000 people. 
During the summer private individu- 
als owning two front-end loaders truck 
the sludge away. They deliver it as 
much as 12 to 15 miles. Consequently, 
its disposal costs nothing. Of course, 
such conditions may not prevail in 
other communities, but farmers want 
for their soil the additional humus 
contained in the digested sludge. 

Bevinning in 1952, I suggested that 
the digesting of sewage solids could 
be made to pay for itself by develop- 
ing the utilization of sludge gas in gas 
engines. A crude yardstick set up 
then still holds good today—-2 hp. can 
be developed per 1,000 population con- 
tributing to almost any treatment plant 
incorporating digestion. Digestion of 
sewage solids has not only given the 
farmers of our area an economical hu- 
mus material, but also has averaged 
us somewhere between $10,000 and 
$12,000 annually since 1932 in reduced 
power costs. 

H. E. Orford, Research Engineer, 
Rutgers University, New Brunswick, 
N. J.:—-In New Brunswick the sludge 
is vacuum filtered and the list of 
farmers who want the sludge is long. 
One area of New Brunswick land needs 
building up. We have found that the 
farmers want the sludge because dur- 
ing dry weather they have less trouble 
with their land drying out than those 
who do not use sludge. 

J.H. 1. Giles, State Dept. of Health, 
Hartford, Conn.:—It would be well 
for all to go back to the Federation’s 
Manual of Practice No. 2 on “‘ Utiliza- 
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tion of Sewage Sludge as Fertilizer.’’ 
It seems to have been filed and for- 
gotten. Representatives of the Con- 
necticut Agricultural Experiment Sta- 
tion are agreed that sludge should be 
returned to the soil, not only at State 
institutions, but also in all Connecticut 
communities 

M. J. Stankewich, Erie County 
Health Dept., Buffalo, N. Y.:—We like 
to use sludge on the land, especially on 
golf courses. However, we do experi- 
ence a lot of trouble with the growing 
of tomatoes. 

G. E. Hubbell, Consulting Engineer, 
Detroit, Mich.:—-In the Detroit area 
we believe in purification by fire. With 
the low cost of power in Michigan (less 
than l¢ per kw.-hr.) and the require- 
ments of the Michigan Department of 
Health, is it uneconomical to go into 
the power business with sludge. Un- 
der these conditions the easiest and 
most economical disposal is to burn 
the raw sludge 

J. H. Shertzer, City Engineer, Lan- 
caster, Pa.:—Is there any limitation 
on the percentage of nitrogen humic 
acid that makes the sludge worthwhile 
for return to the land? 

Dr. Rudolfs:—The sludge is only a 
fertilizer base and should not be econ- 
sidered a complete fertilizer. 

N. M. Fuller, Superintendent, Sew 
age Treatment Plant, Batavia, N. Y.: 
--One precaution that should be men- 
tioned is that digested sludges some- 
times become thoroughly infected with 
fungi or root rot. Corn, and some 
times tomatoes, do very poorly with 
that condition, especially in a damp 
or wet spring. 

Dr. Rudolfs:—If more than 15 tons 
of sludge per acre is applied to a field, 
there may be difficulty. Liming once 
in 4 years is recommended to counter- 
act any acid formation from greases 
remaining in the sludge. Without the 
lime, the yield will decrease, despite 
the building up of the soil. 
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THE DAILY LOG 


Marion, Indiana 


By Davip P. Backmeyer, Superintendent 


January 6—Three inches of ice on 
Quarry Lake will permit safe skating 
Our chief operator has a cold job to 
day when he climbs to the top of the 
lighting tower to adjust two of the 
floodlights for illumination of the skat 
Figure 1 
some of our skating enthusiasts, who 


ing area This will please 
can’t seem to get enough exercise in 
the daylight hours. The City Recrea 
tional Director installs his sound am 
plification equipment in our sludge 
filter room, and conveniently mounts 
the speaker on the ledge of the di 
We probably have 


the only singing digestion tank in the 


gester tank wall 


country ! 
January 8 
tion of the insurance company in 


As per the recommenda 


spector, the two air storage tanks in 
the compressor building (one operates 
at 50 p.s.i. to feed the air relays of the 
the other at 250 p.s.i 
for starting the gas engines) will be 


plant meters; 


raised about *4 in. above the concrete 
supporting foundations. The change 
is made to forestall the possibility of 
tank failure caused by corrosion of 
the tank bottom, resulting from mois 


ture accumulation on the metal surface. 
This suggestion makes good sense. The 
change can be made with very little 
alteration of the connecting piping. 

January 9—-The pressure-relief safety 
valve on our gas storage tank (a evl 
inder of 15,000 cu. ft. capacity at 3 
atm. maximum pressure) has not been 
in working condition for several weeks. 
Two new valves, one at each end of 
the tank, will be installed today. Both 
valves are lever operated and set at 
As the 
gas fuel demand slightly exceeds the 
gas production today, the tank work- 


maximum pressure of 60 p.s.i 


ing pressure can be dropped to zero 
without wasting any sewage gas 
Since examining our valve and finding 
it worthless, have noticed others at 
neighboring plants that could hardly 
be in workable order. Perhaps the 
safety factor in tank construction has 
saved our necks on several oceasions. 


January 12 


spector at plant to observe internal 


Equipment insurance in 
condition of our 75-hp. gas engine 
Have had considerable bearing trouble 


with this engine. Rod hearings were 


carefully installed at last servicing 


FIGURE 1. 
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FIGURE 2.—Midway in tunnel between service building and power building, showing 
sludge-garbage line (upper of two pipes at lower right). 


period, using about a 50 per cent 
closer clearance fit than the normal 
0.003 in. for 3-in. erank journal. This 
recommendation was proven to be a 
foul ball. We learned an expensive 
lesson 

January 13—-Above-mentioned inspec 
tor in office this morning with a sad, 
sad countenance, indeed. He offers 
cheerful information that he has found 
what appears to be a flaw or erack in 
the engine crankshaft. After making 
a personal inspection of the web-like 
erack, a call for help is placed request- 
ing the immediate advice of the inspec- 
tion department's crack, crack special- 
ist. We soon learn that the services 
of this expert are much in demand, 
as he is considered an authority on 
heavy machinery shaft failures. Upon 
arrival and subsequent inspection of 
the shaft, our crack specialist assures 
us that we have only a surface flaw 
that probably resulted from slight cor- 
rosion of the bearing journal while the 
engine was out of operation. This 
certainly was a fooler; after all, a 
machined part of this kind is hardly 
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adaptable to investigation using such 
things as files, emery paper, ete. 
January 16—The water-jacket safety 
valve on the No. 3 engine is leaking 
badly again. We now earry a spare 
valve that is interchangeable on any 
one of the three engine water cirecula- 
tion pumps. The leaking valve is sent 
to the factory immediately for over- 
haul and re-setting. These valves are 
manually opened each evening to in- 
sure continuous protection to the en- 
gine jackets against rupturing pres- 
sures. 
January 24—Our plant operators 
have been reporting difficulty in pump- 
ing ground garbage from the storage 
well to the plant digesters. We have 
a 200-ft. discharge line of 6-in. cast- 
iron pipe that must be cleaned at in- 
tervals of from 4 to 6 months. To- 
day's job is in the hands of the sewer 
maintenance department crew, who 
have both the equipment and the know- 
how for this kind of work. This is a 
messy job. We certainly wouldn't 
want any guests in the plant today, 
as the reeking odor of sour garbage 
and half-fermented sewage sludge 
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would not be very pleasant to an un- 
initiated visitor. The job is done in 
about 6 hr. and our plant crew soon 
has the odor problem under control 
by using H.T.H., strong serub soap, 
and plenty of water. If this line were 
buried in the ground and not accessible 
for dismantling (see Figure 2) I dread 
to think what would happen on these 
clean-out days. A greasy, waxy, 
solidly matted residue builds up inside 
the pipe so that the available diameter 
of the pipe in some places is less than 
2 in. The material removed from one 
6-in. elbow weighed 4 lb. We have 
reason to believe most of this is due 
to garbage, and very little to sewage 
sludge residues 

February 18—Aeration tank mixed 
liquor smells like glue and the final 
settling tanks look milky. This is a 
repeat performance, and the cause of 
this mess will not be too difficult to 
find. 

February 19—Visited with the general 
manager of one of our local milk 
processing plants for a couple hours 
this morning. Although the discharge 
of cheese whey to our sanitary sewers 
has completely upset our activated 
plant on several oecasions, which inei- 
dents always arouse the ire of both 
the plant management and operation 
personnel who are charged with the 
responsibility of maintaining consistent 
rood results in plant operation, we 
must admit that we have gained a lot 
of practical knowledge about the milk 
and related industries while trying to 
solve our mutual problems. Our as 
sociations with plant management have 
ilways been pleasant; this particula 
instance Was no exception. We were 
able to dispose of the plant's surplus 
cheese whey by pumping it directly to 
our plant digesters. The whey was 
hauled to our plant by our tank trucks, 
normally used for hauling liquid 


sludge to farm land for disposal (see 
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Sewage Works Journal, 20, 6, 1115; 
Nov., 1948 The industry agreed to 
pay all reasonable costs involved in 
this extra service 

February 23—Spent several hours this 
evening in the laboratory running de- 
terminations for volatile acids on the 
digestion tank supernatant liquor. 
Learned another lesson the hard way. 
Don't expect to get consistent results 
from this empirical test method when 
using samples containing appreciable 
amounts of sludge solids—the test was 
not intended for examination of 
sludges. 

February 28—<At the suggestion of 
three anaerobic digestion specialists we 
begin a program of re-circulation of the 
contents of our primary digester. The 
discharge of warm liquor to the dome 
of the tank should help promote the 
digestion of some of the solids now 
accumulated in a 50-in. floating scum 
blanket under the tank floating cover. 
March 1—In like a lion—strong wind, 
snow, and freezing temperatures usher 
in the month of March 

March 5—Portable pump driven by 
gasoline engine is installed temporarily 
for trial run at digester circulation 
project. 

March 6—Results of analysis of sam 
ples of top scum reported. Top 6-in. 
layer contained 33.4 per cent total 
solids. Sample taken 48 in. down 
showed 16.4 per cent total solids, and 
60 in. down 4.46 per cent solids. 
March 18—Supernatant pump from 
compressor building is moved to service 
building for permanent installation as 
digester circulation pump. A special 
motor to operate the pump at 1,200 
r.p.m. will be needed if the pump is to 
operate efficiently. This pump will de 
liver 125 g.p.m. and is connected into 
the piping system so that it can be 
operated 18 to 20 hr. per day if neces- 
sary. And so, the sludge goes round 
and round! 
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OPERATION PRACTICES AND EXPERIENCES AT 
BUTLER, PA.* 


By BENJAMIN 8. JOHNS 


Superintendent, Sewage Treatment Plant, Butler, Pa. 


The original Butler Sewage Treat- 
ment Plant, constructed in 1926-28, 
consisted of a coarse bar screen; two 
square primary elarifiers equipped 
with mechanisms; two rectangular 
sludge digestion tanks, each of which 
contained 7 separate hoppers about 13 
ft. deep; glass covered sludge beds; 
and a sludge pump house and small 
laboratory (see Figure 1). There was 
no provision for collection of sludge di- 
gestion gas, but a boiler and pipe coils 
were installed to permit some heating 
of the digestion tanks by burning pur- 
chased natural gas. Effluent was dis- 
charged to Connoquenessing Creek, 
which has a very low flow during the 
warm summer months, 


Plant Additions 


Primary treatment did not prove 
adequate and from 1934 to 1939, inelu- 
sive, various additions and alterations 
were made to adapt the plant to chemi- 
cal coagulation treatment processes, As 
a result of these changes, a grit cham- 
ber and a preaeration tank of approxi- 
mately 15-min. detention were installed 
between the bar screen and the primary 
clarifiers, and two chlorinators were 
installed in a new chemical storage 
building. At the same time the cor- 
ners of the primary tanks were filled in 
and they were converted to center-feed 
peripheral overflow units. They were 
also equipped with home-made skim- 
ming devices, which although none too 
satisfactory, are still in service. 

During 1938 and 1939 the city took 
advantage of P.W.A. and W.P.A. as- 
sistance to further expand the plant. 
Two trickling filters (158-ft. diameter 


* Presented at Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; State College, Pa.; Aug. 24-26, 1949. 


by 8.5-ft. depth), together with a final 
clarifier equipped with sludge collector, 
were installed to afford secondary 
treatment. At the same time a new 
digester equipped with a floating cover 
was installed to serve as a primary di- 
gester, leaving the old uncovered tanks 
to serve as secondary digesters. 

Provisions were made for utilizing 
the gas collected from the primary di- 
gester to operate an 8O-hp. gas engine, 
direct-connected to a 50-kw. generator. 
A small compressor and a cylindrical 
storage tank designed for 50 p.s.i. were 
provided to collect and store gas pro- 
duced in excess of the engine require. 
ments, and provisions were made for 
mixing purchased natural gas with the 
sludge gas in case sludge gas produc- 
tion was inadequate to meet the engine 
demands. The electrical layout was 
such that any or all of the motors couid 
be operated on either gas engine gen- 
erated power, or power purchased from 
the local power company, there being 
individual transfer switches for almost 
every motor. 

Prior to the installation of the trick- 
ling filters the flow through the plant 
had been by gravity, but pumping was 
necessary to deliver the settled sewage 
to the filters. These pumps constitute 
the principal power usage in the plant. 

A new modern laboratory and a new 
mechanically cleaned bar sereen and 


FIGURE 1.—-Original Bradford, Pa., sew- 
age treatment plant, built in 1926. 
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screenings grinder were also installed 
at that time 


Service Data 


The plant serves an estimated popu 
tion of about 30,000, which includes 
the City of Butler and a portion of 
Butler Township. <At 
weather sewave flow averages about 


present, dry 
2 
llowever flows as low as 
mgd. are encountered in extremels 
dry weather. Although the municipal 
‘wers are supposed to be of the sepa 
rate type, they receive some roof drain 
age and many of them are old and 
subject to excessive infiltration. Sew 


ave flows in excess of 5 m.g.d. have been 
encountered during wet weather 

All four of the 
on the collection system utilize pneu 


sewage lift stations 
matic ejyectors Three of these stations 
were constructed in 1926; the fourth, 
only a few years late) At least one 
of the stations is now badly overloaded 
and inadequate during wet weather 
The plant is operated by one super- 
intendent, one laboratory technician, 
three shift operators, one relief opera 
tor one mechanic, and one laborer 
In addition, the foree maintains the 


Tour pump stations 


Operating Records 
Rather extensive operating records 
are kept Raw sewage, settled sewage 
filter effluent, and final effluent are 
sampled hourly in proportion to the 


flow and each 24-hr. composite is ana 
lyzed for pH; total, volatile, and min 
eral suspended solids; and B.O.D 
Other daily reeords include screenings 


erit, and sludge volume. Weekly com 
posited samples analyses are made on 
raw sludge, primary digester sludg 
transfers to the secondary digester 
and secondary digester supernatant re 
turned to the raw sewage Digested 
sludge is analyzed as drawn to the dry 
ing beds. Each week the primary di 
vester is sampled at four different ele 
vations for temperature, pH, alkalinity, 


total solids ana volatile solids Daily 
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readings are made of the meters pro- 
vided for measuring sewage flows, total 
gas production, and the distribution 
of its usage throughout the plant. 
Daily records are also kept of operat- 
ing times of the various units, power 
purchased, power generated, oil used 
in the engine, cooling water circulated, 
ete 


Secondary Sludge Return 


Piping was so arranged that sec- 
ondary sludge from the final clarifier 
could be pumped directly to the di- 
gester, to the sludge decanting tank, or 
llowever, 
after a brief trial of the other methods 
it was found that its return to the raw 
After 
the trickling filters had been in opera- 
tion for a year, it was found that thes 
unloaded each spring, and that during 


back to the raw sewage. 


sewage was most satisfactory. 


that period excessive amounts of worms 
were deposited in the grit chamber, 
making the grit very putrefactive and 
objectionable. This condition has 
been corrected by changing the piping 
so that the secondary sludge now goes 
directly to the primary clarifiers and 
thus does not pass through the grit 
chamber or preaeration unit 


Costs 


Annual operating costs during re- 
$39,000. 


This cost may seem excessive, but there 


cent years average about 


are certain extenuating circumstances 
that must be borne in mind when mak- 
ing comparisons. First, the costs in 
chide the operation and maintenance 
of the four lift stations, as well as that 
of the sewage treatment plant proper. 
Approximately 25 per cent of the me 
chanic’s time is spent in routine in- 
spection and maintenance of the pump 
In addition, another man is 
frequently needed for a day or more 


stations 


in making repairs at one or the other 
of these stations. The troubles most 
frequently encountered inelude remov- 
ing sand and grit deposits in the 
bueket floats, replacing worn out and 
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corroded buckets, removing sticks 
lodged under inlet gates, or removing 
matches lodged in pilot valves. For- 
merly, considerable trouble was ex- 
perienced with wearing and slippage 
of the flat belts between the motors and 
air compressors, but with recent over- 
hauling of this equipment and installa- 
tion of V-belt drives much less trouble 
results. 

As previously pointed out, operating 
records are quite extensive. Of course, 
it costs money to keep such records, 
but it is believed that their value more 
than justifies their expense. Some 
plants of approximately the same ¢a- 
pacity do not have an operator in 
24-hr. attendance. However, cutting 
down on the hours of attendance would 
necessitate dispensing with such com- 
plete operating records and curtailing 
operation of the gas-enyine generator, 
thereby increasing the amount of 
power purehased. To explain why 
this is the case, it 18 necessary to de- 
scribe the sewage pumping facilities in 
more detail 

Pumping Facilities 

Settled sewage may be pumped to 
the trickling filters by either or both of 
two constant-speed centrifugal pumps 
driven by squirrel-cage motors. One 
of the pumps has a 2.4-m.g.d. capacity 
and is driven by a 20-hp. motor; the 
other, of 3.5-m.g.d. capacity, is driven 
by a 30-hp. motor. Although the 
power for either of these motors can 
be supplied by the gas-engine genera- 
tor, the starting current required is so 
great that neither pump can be al- 
lowed to operate intermittently. Thus 
whenever the sewage flow is less than 
the capacity of the pump, either final 
effluent or filter effluent is returned to 
the pump well to avoid the intermittent 
operation that would result if the 
pumps were controlled by the float 
switch originally provided. It is nee- 
essary for an operator to keep a con- 
tinual check on the liquor level in the 
wet well to assure against (a) the 


pump running dry, or (b) that level 
becoming so high that settled sewage 
would back up and discharge directly 
to the creek without receiving second- 
ary treatment. 

Payments to the power company are 
based on maximum demand and the 
contract includes a minimum monthly 
charge of $22.50 (483 kw.-hr.) provid- 
ing the maximum demand does not ex- 
ceed 22.5 kw. To keep the maximum 
demand below this, it is imperative 
that neither sewage pump be permitted 
to operate on outside power. Once the 
demand has been built up, much of 
the savings resulting from power gen- 
erations are lost. It is usually possible 
to avoid such operation during the 
summer months when gas produetion 
is high, but during the winter months 
gas production is frequently inade- 
quate to meet the engine requirements 
—and of recent years the auxiliary 
supply of natural gas has failed 
Therefore, it frequently is necessary 
to utilize purchased power for pump 
ing sewage to the filters during the 
winter and early spring, despite the 
fact that sewage flows in excess of 3.5 
m.g.d. are by-passed to the creek with- 
out secondary treatment at that time. 
A smaller gas engine, direct-connected 
tu the larger sewage pump, is being 
installed and it is hoped to utilize the 
plant’s own gas production to better 
advantage, thereby appreciably redue- 
ing the power cost. 


Gas Engine 


Although the original gas engine is 
now 9 years old, and has operated 
about 70,000 hr., it is in just as good 
condition as ever. Once a year the 
engine is torn down and overhauled. 
Usually the only repairs required are 
the installation of new rings and the 
vrinding of valves. Cylinder liners 
have been replaced once, and two new 
cylinder heads have been installed. 
Oil consumption has always been high, 
averaging about 1.4 gal. per 1,000 kw.- 
hr. generated. Originally, the oil was 
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drained and changed every 500 hr. of 
operation. After the engine had been 
in service about 2 years, an oil filter 
was installed, through which the oil 
is continuously circulated from the 
crankease Although this unit has 
not materially reduced oil consumption, 
it does avoid sludue deposits in the 
crankease and the necessity of such 
frequent shutdowns for oil change. 
Now the crankcase is drained only once 
a vear, at the time of the annual over- 
haul 


Other Equipment 


Brief raention of some of the main 
tenance difficulties encountered with 
other mechanical equipment may be of 
interest It has been necessary to 
change the teeth of the screenings 
vrinder unit every 6 month. Origi 
nally, the dull teeth were returned to 
the factory for sharpening, but in re 
cent years good success has been had 
in getting them sharpened locally. Af 
ter being in use for approximately 9 
years, the grinder was completely over 
hauled and new bearings installed 

Considerable difficulty is experienced 
in maintaining the packings in the two 
duplex piston sludge pumps, particu 
larly after they have been in use for 
a few years. The pistons seem to wear 
out of round. In one of the pumps, 
installed in 1937, the pistons were re 
placed in 1947. The other pump was 
installed two years later, and although 
its pistons have not been replaced, this 
must be done soon because it is now 
almost impossible to prevent leakage 
around the packing glands. 

One of the two rotary distributors 
on the trickling filters has always oper 
ated quite satisfactorily However 
about once a year the other distributor 
refuses to rotate. In one way or an 
other grit gets into the mereury seal 
and this is believed to cause the troubl 
Withdrawing, cleaning, and replacing 
the mereury seems to remedy the diffi 


culty for approximately another year 
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Chlorination 

Chlorine is purchased in ton con- 
tainers. About one carload a year 
is used, although prior to the installa- 
tion of the trickling filters about three 
times as much was used. Originally, 
the plant water supply was obtained 
from a shallow well. About four years 
avo, when that supply failed completely, 
a small sereen chamber was installed 
in which final effluent is passed through 
two very fine-mesh copper screens in 
series. This screened effluent was the 
only water supply, other than drinking 
water carried by the operators, and for 
three years it was used to operate the 
ehlorinators, for all hosing and wash- 
ing purposes, and to supply the dis- 
tilled water apparatus in the labora- 
tory. This year the city was finally 
able to prevail upon the local water 
company to lay a service line to the 
plant. However, the use of screened 
effluent in the chlorinators has proven 
so satisfactory that its use for that 
purpose is being continued, thus effect 
ing a material saving in water bills. 

Sludge Problems 

The chief operating difficulty at the 
plant has been with the disposal of 
digested sludge and supernatant liq- 
uor from the secondary digesters. The 
original glass-covered sludge beds con- 
structed in 1926-28 have an area of 
12,960 sq. ft., or about 0.43 sq. ft. per 
capita. No additional drying beds 
were provided when the plant was ex- 
panded to provide complete treatment. 
Although the beds were more than 
adequate to handle the digested sludge 
when only primary treatment was used, 
they have proven entirely inadequate 
for the larger amounts of sludge re- 
sulting from complete biological treat- 
ment. 

Normally, digestion progresses so ae 
tively in the primary digester that 
there is little or no variation in solid 
or volatile content of the sludge from 
top to bottom of that tank. Therefore, 
no sludge is drawn from that tank to 
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the drying beds, all withdrawals being 
transferred to the secondary digesters. 
If space is available in the secondary 
tanks, the sludge concentrates there to 
5 to 7 per cent solids, leaving a very 
clear supernatant containing less than 
0.2 per cent total solids. This can be 
returned to the raw sewage with no 
difficulty whatsoever. However, dur- 
ing the winter and early spring, suffi- 
cient sludge cannot be dried on the 
beds to keep the level down in the see- 
ondary digesters. The sludge buiids 
up and, of course, overflows as super- 
natant back to the raw sewage. At 
such times this so-called supernatant 
may contain from 2 to 5 per cent total 
solids, which settle out in the primary 
clarifiers, increasing the amount of 
sludge to be introduced into the new 
digester, hence the amount of sludge 
to be transferred to the secondary di- 
gesters, and henee a further increase 
in the volume of poor supernatant go- 
ing back to the raw sewage. 

Although no increase in B.O.D. of 
final plant effluent has been detectable 
as a result of this poor supernatant, it 
has been found that it not only reduces 
the total amount of gas, but actually 
reduces the amount of gas collected per 
pound of volatile matter added to the 
primary digester. Of course, this re- 
duces the amount of gas available for 
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FIGURE 2.—Original glass-covered 
sludge beds are supplemented by new un- 
derdrained open beds and new undrained 
auxiliary drying bed (left). 


engine operation and hence inereases 
power costs. 

The poor supernatant was lagooned 
for a number of years, but eventually 
the lagoon became filled and, even 
though its use was discontinued 
throughout the entire summer of 1947, 
it was found practically impossible to 
get excavating equipment in to clean 
it out. In the spring of 1948 four open, 
underdrained sludge beds (Figure 2) 
having a total area of 14,300 sq. ft. 
were added, together with an addi- 
tional area of about 16,000 sq. ft. cov- 
ered with cinders but without under- 
drains. With this increase in sludge 
drying facilities, it is expected that 
the troubles with poor supernatant will 
be at an end 


TIPS AND QUIPS 


Public Employee Safety 

Public employee safety is ‘‘a prob- 
lem in economy, efficiency, and public 
service’’ according to a pamphlet re- 
cently distributed by the National 
Safety Council. The leaflet gives ex- 
amples to show that safety programs 
by public employers can eut tax funds 
spent for employee compensation and 
medical costs by more than the cost 
of the program, improve employees’ 
attitudes and increase their working 
efficiency, and raise public esteem. Fig- 


ures cited show that city employment 
is the fourth most hazardous oceupa- 
tion in a list of 40 major industries 
compiled by the Couneil. 

The secret of increased safety lies 
in planned and organized safety work 
Foremost among the items that are 
worthwhile in stopping accidents are: 
records to determine the most preva- 
lent and most serious accident causes, 
continuous inspection to reveal unsafe 
conditions and practices before they 
cause injury, correction of unsafe con- 
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ditions by surrounding every job with 


both 


training of supervisory 


safewuarads tor 


the 
per 


workers and 
public 
sonnel in safety matters, eraployee job 
training to obviate dangerous perfor 
mance and usage of equipment, and 
maintenance of active safety conscious 
the 


ness and interest on the 


part of 
individual employee 

As a part of its program of further 
ing safety wherever unsafe conditions 
are found, the 
a Publi Employee 
ter Das in 


attitude that 


Council has established 
Safety 


its considerations is the 


Commit 


‘Kor the public money 


spent because of accidents which have 


already happe ned, the publie gets less 


than nothing. For the money spent 
for the prevention of accidents, the 
public gets the fullest possible return 


Like charity, safety begins at home 
It ranks well up on the list of things 
that should be attended to personally 


ind not le It Tor the other fellow to do 


Fire Extinguisher Decals 
To help 
proper fire 


identify and locate the 


extinguisher in a hurry 


a decaleomania manufacturer reports 


the development of three unusual new 


decal sets for positive selection of 
three types of extinguishers for fires 
of: (1) wood, paper, and rubbish; (2 
electric, gas, and chemieal; and (3 
inv origin except electrical. A large 


decal (8 by 9 in.) is supplied for ap 


plication to the wall above the fire 
extinguisher, and a smaller one (18, 
by 2 in.) for the extinguisher itself 
he ew decals identify in three ways 
olor by design, and by 
printed instructions naming proper 


The decal selection Sign for fires of 


wood, paper, or rubbish origin has 
black and yellow diagonal bars For 
lectri chemical, or gas fires, the 
identifving design has red and white 
horizontal bars The third decal iden 
tifies foam-type fire extinguishers 
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which are suitable for any but electri 
cal fires; it employs red and white 
horizontal bars eut diagonally by a 
combination yellow and black stripe. 
It is elaimed that indicate a 
reduced time lapse in the 
right fire extinguisher when the decals 


reports 
selecting 
are used, especially when employees 
have color deficiencies or are unable to 
read. 


Alaskan Report 


For any who may have had bad 
winter experiences with their sewers, 
we offer the comforting thought that 
there’s always someone whose troubles 
are worse than our own. Perhaps even 
the worst sufferers will be able to spare 
a little sympathy for those charged with 
maintenance of Fairbanks, 
Alaska, whose problems are summed 
up in a letter from G. H. Dunstan, en- 
vineer for the Alaska Health and Sani 
tation Activities, U. S. Public Health 
Service, published in a recent issue of 
the ‘Official Bulletin,’’ Alabama Wa 
ter and Sewage Association. Says Mr 
Dunstan: 

**Some 
P.W.A,. project installed sanitary sew- 
ers in the eity. 


sewers in 


ten years or more ago a 
The design was appar- 
ently done by men who were not fa- 


miliar with sanitary engineering, and 


is peculiar in many respects. Perhaps 
the most serious defect is the use of 
grades very much flatter than those 
recommended All main sewers are 


made of wood-stave pipe The city 
does not like even metal house connee 
tions. Since the sewers often freeze up 
in winter, if Is necessary to thaw them 
out For this purpose portabl » boilers 
n skids are and 
The wood 


pipes seem to withstand this operation 


around, 
run into the pipes 


dragged 
steam 1s 
with less damage than metal pipes 
1949 
sewers were uncovered. In 
some they had to be 
House which 

abandoned or had holes eut 


This past summer the worst 
sections of 
cleaned 


had 


into them 


been 


‘onnect ions, 
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in the early years of operation when 
they froze, had not been properly 
plugged, with the result that much dirt 
had gotten into the lines. In some 
places settlement had resulted in nega- 
tive grades. Some of this may have 
been due to the melting of the perma- 
frost Where such settlement was 
found, the pipes were taken up and 
replaced. In some cases, sawdust and 
tarred paper were placed in the trench 
with the idea of serving as insulation. 
Thermocouple installations may give 
some information as to their value 

Other questions that are being raised 
deal with septic tanks, tile disposal 
fields, and the operation of sewage 
treatment methods. How are these 
affected by the extreme cold weather? 
In time, it is hoped that all of these 
problems can be studied.’’ 


New Chlorine Reference Book 


A new “Chlorine Handbook,”’ pre- 
pared specifically to help meet the 
greatly increased and still growing de- 
mands for basie data covering the safe 
storage, handling, and use of chlorine 
as well as its physical properties, has 
just been completed by Diamond Alkali 
Company, Cleveland, Ohio. The 44- 
page, file-size, quick-reference technical 
manual, which is liberally illustrated 
with graphie charts, drawings, tables, 
and pictures, holds particular interest 
for works managers, superintendents, 
and other plant executives responsible 
for storing, handling, and using chlo- 
rine with maximum margins of safety 
to personnel, plant, and equipment. 

The booklet describes and illustrates 
the three approved standard-size cyl- 
indriecal containers used to package 
liquid chlorine for rail or truck ship- 
ment; gives ‘‘how-to-do-it’’ data on 
proper chlorine service tools, equip- 
ment, and accessories ; shows typical in- 
stallations; and presents similarly 
helpful information on first aid meas- 
ures, gas masks, and emergencies. The 
second section of the handbook is de- 
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voted entirely to a comprehensive yet 
concise review of the major physical 
properties of chlorine. Supplementing 
this part of the discussion are 8 charts 
and tables. 

Copies of the handbook may be ob- 
tained by letterhead request to Dia- 
mond Alkali Company, 300 Union Com- 
merece Building, Cleveland 14, Ohio. 


Waste Heat Recovery 


Although recovery of waste heat in 
sewage treatment plants is not new, a 
method used in one industrial plant 
may prove of interest to plant person 
nel concerned with such installations 
or their adaptation. In the plant de- 
scribed in a bulletin of the Compressed 
Air and Gas Institute, three 315-¢.f.m 
air compressors, two driven by diesels 
and the third by a spark-ignition en- 
gine using manufactured gas fuel, de- 
liver 400,000 Btu. per hr. into a sys- 
tem suitable for space or process 
heating. 

The arrangement for utilizing re- 
covered waste heat is shown in Figure 
1. The heated water is taken directly 


tone 


FIGURE 1.—Heat-recovery hook-up for 
utilization of waste heat in air compressor- 
engine installation. 


from the discharge of the engine-com 
pressor cooling system and circulated 
by the engine pump through the heat 
ing equipment. Controls are provided 
in the hook-up to keep the unit-heater 
fans from operating until the water 
reaches a pre-set minimum tempera- 
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This prevents blowing cold air 


For heat dissipation in the summer 
months, the water is circulated as for 
winter operation, but the unit-heater 
ans are reversed to discharge outside 
the building 

The cost of equipment and piping 
necessary to recover waste heat is rela 


tively small and the seheme results in 


al dollar saving’s In the scheme de 
cribed, heat recovery 1s 1.250 B.t.u 
per hr. per eu. ft. per min. of com 


pressor capacity at 100 ps. 


Band-Aid Pipe Labels 


Application of the recommended 
piping identification code of the Na 
tional Safe t\ Couneil (see page 699) Is 


made much simpler by a set of adhesive 


pipe dentification labels reeently 
placed on the market. The labels, of 
the “‘legend’’ type for pipe content 
identifieation, are printed on an ad 
hesive cloth tape for permanence and 
ase of application Several sizes of 


standard stencil lettering are available 
in a wide variety of legends for ma 
terials commonly piped in treatment 
as well as industrial, plants. To apply 
the labels, the adhesive surface is 
stripped from a_ backing eard and 
simply wrapped around the pipe in the 


desire d location 


Welfare State? 


What seems to be a pretty good de 
seription of modern trends in urban 
community life was given by Wayne 
\. Kivell, The Dorr Company, New 
York, N. Y., at the 21st Annual Confer 
enee of the Pennsvivania Sewage and 
Industrial Wastes Assn.. held at State 
College, Pa Ang. 24-26. 1949. In 
onnection with his discussion of high 


rate filter loadings. Mr. Kivell said 


‘A triekling filter is a modern hous 


ing development——a ‘“‘bue’’ house for 


Bronx Zoos in miniature. There are 
millions of tiny apartments, formed by 


the interstices between the stones, all 
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occupied by biological zoos of living 
organisms requiring much the same 
accommodations as human beings 
shelter, air, heat, food, water, and with 
some forms, light These colonies 
would thrive best if the apartments 
were air-conditioned, heated to ineu- 
bator temperatures, and supplied with 
warm water. Unfortunately for our 
tenants, we are not yet able to provide 
ultramodern apartments, nor are we 
able at all times to supply food that 
will conform to the development’s 
pure food and drug = aet. Conse- 
quently, because of poor ventilation, 
lack of heat, cold water, and unwhole- 
some food. our tenants are subject to 
ills and epidemics that reduce the 
population and, therefore, the demand 
for B.O.D food However, given liv- 
able conditions and a_near-constant 
supply of wholesome food, the filter 
tenants will increase in proportion to 
the food supply, with the result that 
the ‘left over’? B.O.D. food in the 
effluent will analyze and measure much 
the same regardless of the loading per 
acre foot-—up to a point of overerowd 
nig The food, too, must be served 
continuously and not in meals as we 
onee did 

On this premise, it may be surmized 
that peak loads of B.O.D. food are 
partly wasted to the effluent because 
filter tenants are unable to expand 
their populations quick enough to uti- 
lize it or sufficiently increase their own 
normal intake to absorb the excess. 
The use of storage tanks and the aver 
aving of sewage flows by recirenlation 
will be of measurable assistance in 
leveling the rate of food supply, and, 
therefore. the wastage to the effnent.”’ 


What a life! Nothing to do but eat, 


drink, and be gay—and raise kids. 
Even a little ‘‘happy water’ (product 
of fermentation) is supplied now and 
then by a paternalistic overseer. Of 


course, there will always be some ten- 


ants who are disgruntled because no 


ar is furnished! 
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Proceedings of Member Associations 


NORTH DAKOTA WATER AND SEWAGE WORKS CONFERENCE 
21st Annual Meeting 
Dickinson, North Dakota, October 6-7, 1949 


The 21st Annual Convention of the 
North Dakota Water and Sewage 
Works Conferenee was held at Dickin- 
son. N. Dak. on October 6-7, 1949. 
Total registration was 113. 

At the technical sessions of the meet- 
ing, papers of interest to those in the 
sewage works field were: 


‘Better Joints for Clay Pipe Sew- 
ers,’ by H. J. Rosenthal, District 
Engineer, Clay Products Assn. ; and 

Human Factor in Municipal 

Administration,’’ by LeRoy Harlow, 
City Manager, Fargo. 
At the Annual Banquet, Mark D. 
Hollis, Asst. Surgeon General of the 
U.S., spoke on ‘‘ Environmental Sani- 
tation.’’ 

Separate forums were held on the 
morning of October 7 for sewave works 


SOUTH DAKOTA WATER AND 
Fifteenth 


and water works operators to discuss 
their problems. At the business lunch- 
eon held immediately thereafter, the 
following officers for 1949-50 were 
elected: 


President: A. ¥. Hulteng, Grand 

Forks 
Vice-President: Hf. H. Behlmer, Fargo. 
Seeretary-Treasurer: Jerome H. Svore, 

Bismarck. 

Following adjournment, the conven- 
tion delegates enjoyed a guided tour 
of the Dickinson water and sewage 
plants and the Dickinson Dam, under 
construction by the U. S. Bureau of 
Reclamation for irrigation, water sup- 
ply, and river control purposes on the 
Heart River. 

Jerome H. Svore, 
Secretary-Treasurer 


SEWAGE WORKS CONFERENCE 


Annual Meeting 


Rapid City, South Dakota, September 28-30, 1949 


The Fifteenth Annual Meeting of 
the South Dakota Water and Sewage 
Works Conference, held in Rapid City, 
September 28 to 30, 1949, was well at- 
tended. The programs were high- 
lighted by several illustrated talks on 
sanitary developments in Japan, pre- 
sented by J. J. Hinman, Jr., who spent 
some time with the U. S. Army of 
Occupation. 

Officers elected for the vear 1949-50 


were: 


President: C. B. Macison, Winner. 
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Vice-President: Wallace Johnson, 
Huron. 

Secretary-Treasurer: Charles E. Carl, 
Pierre 


Following adjournment of the busi- 
ness meeting, held in conjunction with 
the Conference Luncheon on the last 
day, association members enjoyed an 
inspection trip to the new Rapid City 
sanitary landfill, and the sewage and 
water treatment plants. 

CHarues E. Cary, 
Seerctary-Treasurer 
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NORTH CAROLINA SEWAGE WORKS ASSOCIATION 
2ist Annual Conference 
Southern Pines, North Carolina, November 7-9, 1949 . 
The Zist Annual Meeting of the paper by C. E. Perkins, City Manager, 
North Carolina Sewage Works Asso Winston-Salem, N. C., on *‘ Water and 
ciation was held at Southern Pines, Sewage Practices in Europe.’’ 
N. C., on November 7-9, 1949, in con At the concluding session, on the 
junetion with the 29th Annual Con morning of November 9, papers were 
ference of the North Carolina Section, presented as follows ae 
\WWA. Total registration for the Use of Streame—A Sec 
joint meeting was 226 d ond Look,’’ by L. L. Hedgepeth, Amer | 
é At the morning session on November ican Cyanimid Co., Bound Brook, 
7, papers were presented as follows NJ. ; 
‘Experiences in’ Extending City ‘*Federal Activities in Stream Pol 
Limits,’’ by George C. Moore, Dept. of lution Abatement,’’ by Lewis” A. 
Utilities, Albemarle Young, Div. of Water Pollution Con- 
“Water Supply and Sewage Dis- trol, U.S.P.TLS., Atlanta, Ga 
posal-—Today and Tomorrow,’’ by L “Studies of Increased Air Applica- 
Hi. Enslow, Editor, Water and Se wage tion in Sewage Treatment,”’ by W. G 
Works, New York City Brown, Water and Sewer Dept., Dur- 
ham, N.C 
The afternoon session was devoted P F : 
to three discussion panels on wate At the business November 
works. sewage works. and general sub 8, the Association amended Its consti 
jects, respectively, Subjects disenssed and by-laws to permit an in- 
by the sewage works panel included Tease in dues to $6.90 annually in ac- 
sewer maintenance and inspection, cordance with the Federation's new 3 
treatment plant maintenance, small dues schedule Officers elected for 
plant operational problems, and sew 1949-90 were 
ave treatment financing Discussion Chairman: E. R. Tull, Rockingham. : 
at the veneral session centered on Vice-Chairman: W. W. Atkins, Ashe 
safety practices plant operation, boro 
records for small plants, and rates for  Secretary-Treasurer: E. C. Hubbard, 
special services Raleigh 
November was devoted to wate E. C. Hurparp, 
works papers, with the exception of a Necretary-Treasurer 


OKLAHOMA WATER, SEWAGE AND INDUSTRIAL fe 
WASTES CONFERENCE 


23rd Annual Meeting A a 


Stillwater, Oklahoma, November 28—December 1, 1949 


\ record 170 participants attended managers and city engineers take the 
the 28rd Short Course of the Okla- complete course with their superin 
homa Water, Sewage and Industrial  tendents and operators 
Wastes Conference, held at Oklahoma Lectures and panel discussions, 
\. & M. College, Stillwater, November supplemented by laboratory sessions, 
28-December 1, 1949. This second comprised the technical program 


session during 1949 saw several cits Topies covered in the sewage works 
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courses included sewer maintenance, 
pumps and lift stations, sewage char- 
acteristics, sewage treatment, sludge 
digestion and disposal, and equipment 
operation and maintenance. 

Of general interest to all were the 
papers “‘The National Stream Pol- 
lution Problem,’’ by H. W. Poston, 
Little Roek, Ark., and 
three evening sessions on ‘* Public Re- 
lations for Water and Sewage Works 
Departments,’’ by M. L. Powers, Di- 
rector, Division of Engineering and 
Industrial Extension, Oklahoma <A. 
& M. College 

As heretofore, the highlight of the 
Conference was the Annual Dinner, 
held Wednesday evening, November 
30. The guest speaker, F. M. Dawson 


NEW YORK SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 


22nd Annual Meeting 


New York, N. Y., January 20-21, 1950 


The 1950 Annual Meeting of the 
New York Sewage Industrial 
Wastes Association was held at the 
Statler Hotel in New York City on 
January 20-21, 1950. A total of 396 
members and guests were registered 

At the business session, with Presi- 
dent Paul Bardet presiding, members 
approved a change in 
name of the association from ‘‘New 
York State Sewage Works Associa- 
tion’’ to ‘‘New York Sewage and In- 
dustrial Wastes <Association.’’ Also, 


unanimously 


the following officers were elected: 


President: J. W. Johnson, Buffalo. 
Vice-President: J. M. MacCrea, Syra- 
euse 
Treasurer: J. C. Brigham, Albany. 
Secretary: R. C. Sweeney, Rochester. 
The morning technical session was 
opened with the paper, ‘‘ Rational De 
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Dean of Engineering, University of 
lowa, spoke on **Planning a Uniform 
Plumbing Code.’’ the business 
meeting immediately following, the 
name of the Conference was changed 
to include the ‘industrial 
wastes.”’ 

Officers elected for the vear 1950 
were : 


words 


President: Grover L. Morris, Okla- 
homa City. 
Vice-President: R. B 
erick. 

Necretary-Treasurer: WH. J. 
Oklahoma City. 

FSWA_ Director: J. T. 
Miami 


Riddle, Fred- 
Darcey, 
Sprague, 


Hl. J. Darery, 
Necretary-Treasurer 


sign Criteria for Sewage Absorption 
Field’? by John E. Kiker, professor 
of public health engineering, Univer- 
sity of Florida. ‘‘ Resume of Progress 
and Activities Under the N. Y. State 
Water Pollution Control Act,’’ was 
presented next by A. FL Dappert, see 
retary, Water Pollution Control Board, 
N. Y. State Dept. of Health. 

At the luncheon meeting, Daniel A. 
Okun, New York City, was presented 
with the association’s Kenneth Allen 
Award for his paper ‘‘A System of 
Bio-precipitation of Organic Matter 
from Sewage,’’ published in the Sep- 
tember, 1949, issue of Sewage Works 
Journal, Speakers at the luncheon 
included W. H. Wisely, FSWA Ex 
ecutive Secretary, who spoke on Fed. 
eration affairs, and Sol Pineus, New 
York City, formerly chief of the En 
vironmental Sanitation Section, World 
Health Organization, at Geneva, who 
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spoke on ‘* World Health Organization 
and Sanitary Engineering.”’ 

The afternoon program ineluded a 
paper by R. H. Gould, director, Di- 
vision of Sewage Disposal, N. Y. City 
ey pt of Puble W orks, ** Recent 
Structural Changes in the Wards Is 
land Plant for Inereasing Capacity 
Also on 


the afternoon program was a panel dis 


and Improving Operation 


ussion on the sub ject **Tndustrial 


May, 1950 


Waste Disposal in Relation to Muniei- 
pal Sewage Treatment.’’ The panel 
was led by G. E. Symons, associate 
editor, Water and Sewage Works, 
New York City. 

The technical program was com- 
pleted on the morning of January 21 
with an inspection of New York City’s 
Wards Island sewage treatment works. 

R. C. SWEENEY, 
Secretary 


VIRGINIA INDUSTRIAL WASTES AND SEWAGE 
WORKS ASSOCIATION 


4th Annual Meeting 


Winchester, Va., March 30-31, 1950 


The Virginia Industrial Wastes and 
Sewage Works Association 4th Annual 
Meeting was held at Winchester, Va., 
March 30-31, 1950, with headquarters 
Washington Hotel A 
total of 160 registered for the meeting 


at th: (reorut 


At the business session, held on the 
morning of Mareh 30, the following 
officers were elected for the coming 
eal 
President: J. A. Rives, Blacksburg 
Vice-President: J. N. Millar, Elkton 
Necretary-Treasurer: W L NSeott 

Riehmond 

The technical program was begun 
with a paper by Robert S Phillips 
superintendent of sewage treatment, 
Charlotte, N. C., entitled, ‘‘ Disposal of 
Industrial Wastes in Municipal Sewer 
Systems ‘Experience with Indus 
trial Wastes at Winchester,’” by S. 
Reaves, superintendent of water and 
sewerage, Winchester, followed Rich 
ard Messer, director, Div. of Engineer 
ing, State Dept. of Health, then pr 
sented a paper on ‘‘ Review of Progress 
n Sanitary Sewage Disposal in Vir 
rinia 

The afternoon of March 30 was di 


voted to an inspection trip of the Win- 
chester sewage treatment plant. 

The Annual Dinner was held in the 
Ball Room of the George Washington 
Hotel, with entertainment following 
for the remainder of the evening. 

The March 31 session featured the 
following papers 

‘Some Problems of Fly Ash Dis- 
posal,” by Harold L. Jacobs, E. I. du 
Pont de Nemours & Co 
Del. 

‘*Biological Tests of Treated Wat- 
ers,’’ by Charles E. 


Wilmington, 


Renn, associate 


professor of sanitary 


engineering, 
Johns Hopkins University, Baltimore, 
Md 

Highlight of this day ’s session was 
the trip to the American Viscose Corp 
plant at Front Royal. Following 
luncheon at the plant, B. N. Scheuer 
and C. W. Joseph, chemical engineers, 
\merican Viscose Corp., presented 

Industrial Waste and Sewage Treat- 
ment at the American Viscose Corp., 
Front Royal, Va."’ The remainder of 
the afternoon was spent in inspection 
tours of the plant. 


W. L. Scorrt, 


Necretary-Treasurer 
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MEMBER ASSOCIATION MEETINGS 


Association 


Michigan Sewage Works Association 


New England Sewage Works Association 


Alabama Water and Sewage Association 


Central States Sewage Works Association 


New York Sewage and Industrial Wastes 
Association (Spring Meeting) 


Institute of Sewage Purification 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


Pennsylvania Sewage and Industrial 
Wastes Association 


West Virginia Sewage and Industrial 
Wastes Association 


lowa Sewage Works Association 


Georgia Water and Sewage Association 


Rocky Mountain Sewage Works 
Association 


Missouri Water and Sewerage Conference 


Federation of Sewage Works 
Associations 

North Carolina Sewage Works 
Assoviation 


Plac ¢ 
Park Place Hotel, 
Traverse City, Mich 


Hotel Sheraton, 
Worcester, Mass. 


Alabama Polytechnic 
Institute, 
Auburn, Ala 


Indianapolis, 


Hotel Jamestown, 
Jamestown, N. Y. 


Bournemouth, England 


Gibsen Hotel, 
Cineinnati, Ohio 


Pennsylvania State 
College, 

State College, Pa 
Hotel Pritchard, 
Huntington, W. Va. 


Hotel Blackhawk, 
Davenport, Ia. 


(ia. Institute of 
Technology, 
Atlanta, Ga. 


La Fonda Hotel, 
Santa Fe, N. Mex. 


Sheraton Hotel, 
St. Louis, Mo. 


Hotel Statler, 
Washington, D. C. 


Washington-Duke 
Hotel, 
Durham, N. ¢ 


May 


June 


June 


June 


June 


Aug. 


Sept. 


Sept. 


dept. 


Sept. 


Oct. 


Oct. 


Nov. 


Time 


22-24, 1950 


1, 1950 


7-9, 1950 


9-10, 1950 


12-18, 1950 


9-23, 1950 


28-30, 1950 


23-25, 1950 


14-15, 1950 


19-21, 1950 


20-22, 1950 


27-29, 1950 


1-3, 1950 


9-12, 1950 


13-15, 1950 
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Reviews and Abstracts* 


A Survey of the Liquor Disposal Problem. 
sy EH. M. Gas World (Lon- 
lon), 130, 2038 (Dee. 24, 1949) 


The harmful effects of gas liquor through 
irect toxicity and reduction of dissolved 
outlined. The 
B.O.D. test is not wholly satisfactory, and 


caution is urged when applying it to trade 


oxygen nm streams are 


tes It is recommended that ammonia 
distilled, and the spent liquor be dis- 

to municipal sewage plants for 
The 
on Sewage Disposal suggests that 
sewage effluents contain a maximum 
B.O.D. of 20 p.p.m. Discharge of 0.25 
or 0.5 per cent of spent, 
permit this 
cent of 
showed 
oxidized 
phenols are 


il oxidation loyal Com- 


would 
met, but 0.5 per 
Tests 
catechol are 
polyhydric 


quor the 
ndard to be 
would not 


sewage 


HQuUor 
phe nol ind 

Dut some 

{ new shows Rome 


promise 


treatment 
Benzol 
05 per cent of phenol; the washed liquor is 


process 


washing removes SO to 


listilled and the spent liquor “concentrated 
1 triple-effect evaporators to yield a 20 
cent solution of ammonium chloride; 
concentrate is washed with phenosol 
polyhydrie phenols and 


o remove 
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Discussion. (Gas World, 130, 2078 (Dev 
1949 
was said to be 


sewers because 


ide content 


cause sewer blockage near the point of 
discharge because of foam generation No 
conclusion has been reached on computa- 
tion of a proper charge for treating gas 
liquor with sewage, but the Townsend 
Under this 


S 
would be 1 + 
60 


formula has been suggested. 


formula the charge 


M 
+ => = pence per 1,000 gal. 
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of trade 


effluent, where S represents the suspended 
solids in parts per 100,000, and M is the 
McGowan strength after 2 hr. quiescent 
settling. The McGowan strength is 6.5 
times the oxygen from N/8 
permanganate in 4 hr. at 26.7° C., in parts 
per 100,000, plus 4.5 times the nitrogen, 
in parts per 100,000. Experiments 
showed that 1.4 would be a better value 


absorbed 


than 6.5 because some substances in gas 
liquor are rapidly oxidized by perman- 
ganate. The 4.5 factor was questioned, 
little of the nitrogen 
but there were no data 


especially where 
would he oxidized, 
on which to base a change. 

The comment was made that by the 
oxygen absorbed test, gas liquor is 100 to 
200 times as strong as sewage: by the 
B.O.D. test, 20 to 30 times: and by nitro- 
gen content, 200 to 400 times. It 
recommended that the research started by 
the Institute of Engineers be con- 
tinued and expanded to include the effects 
liquor 
sewage purification. 
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of various gas constituents on 

It was suggested that gas liquor could be 
mpro ed by eliminating the recirculating 
liquor; but this would mean separate dis- 
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Water Pollution Legislation. ANon. 
Chemical Age (London), 61, 835 (Dec. 
17, 1949). 

A Ministry of Health Commission has 
recommended passage of a new Act to 
contro] pollution, instead of amending the 
Rivers Pollution Act of 1876. The pro- 
posed Act would confer rather wide powers 
on River Boards to frame by-laws. The 
proposal states that River Boards “should 
be able to prescribe standards with which 
effluents discharged into a stream or part 
of a stream must comply; effluents which 
do not comply with a standard should be 
deemed to be offensive or injurious.”’ The 
standards should be prescribed by by-laws 
subject to confirmation by the Minister of 
Health, but such a by-law should not be 
confirmed ‘‘until a proper survey of the 
stream or part of a stream has been com- 
pleted.” River Boards should be allowed 
to take proceedings, without consent of the 
Minister of Health, wherever an effluent 
does not meet a standard. 

Richard Hoak 


The Present Status of Plating Room 
Waste Disposal. By C. F. Gurnaam 
and B. F. Dopar. Plating, 36, 251 
(1949). 

This is a brief survey of recent legislation 
and the problems facing the electroplating 
industry, followed by illustrations and 
comments on a number of operating waste 
treatment plants in this country. 

H. P. 


Preliminary Planning for Plating Room 
Waste Disposal. By C. F. Gurnuam, 
B. F. Dopce, anp D. C. Reams.  Plat- 
ing, 36, 1136 (1949). 

This is a general summary of the type 
of information needed in planning for 
future regulation of plating room waste- 
water disposal in plants that have so far 
escaped the attention of pollution control 
authorities. Among the data required for 
concentrated wastes are listed type of 
bath, date and time of dumping, volume 
dumped, time required to empty tank, 
analysis at time of dumping, treatment 
given at time of dumping, and place where 
dumped. Similar records are advised for 
dilute wastes and plating baths, as well as 
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the analyses and average life of the latter 
solutions. 

Particularly pertinent in an appraisal of 
the data is a record of any treatment used 
in the past and subsequently abandoned, 
with complete notation as to reasons for 
discontinuing the process of great impor- 
tance are complete records of chemical 
usage during the survey period, including 
anodes dissolved; electrical power con- 
sumed; and the daily output of piated 
work. The longer the survey period can 
be made, the more useful will be the data 
obtained. Attention is called to the 
possibility of production savings accruing 
as an additional benefit from a survey of 
the type outlined. 

H. P. 


Viscosity of Pulping Waste Liquors. By 
Kennetu A. anp Epwarp J. Me- 
Cormack. Ind. and Eng. Chem., 41, 12, 
2847 (Dec., 1949). 

The viscosities of sulfite waste liquor, 
sulfate black liquor, and soda black liquor 
were determined at various temperatures. 
Density and total solids determinations 
were also made. The resulting data were 
analyzed and a chart and nomogram are 
presented indicating the viscosity-temper- 
ature relationship for various solids per- 
centages. The chart and nomogram apply 
to all three of the waste liquors with an 
accuracy of 5 per cent. 

At 30 per cent solids the viscosity rises 
rapidly. This suggests that any consider- 
able handling of waste liquors should be 
done while their solids concentrations are 
somewhat below 30 per cent. 

Examples of data presented are as 
follows: Waste sulfite liquor with a 15 per 
cent solids content had a density of 1.072 
gm. per cc. and a viscosity of 2.054 centi- 
poise at 19.9° C. Similar data for sulfate 
black liquor are 14.3 per cent solids, 1.085 
gm. per cc., 1.960 centipoise at 203° C.; for 
soda black liquor having 15.1 per cent 
solids, 1.082 gm. per ec., 1.896 centipoise at 
22.0° C. 

The data presented cover a range of 
solids about 10 to 50 per cent and a 
temperature range of about 0° to 97° C. 
The viscosity of the three liquors varies 
from approximately 0.5 to 20 centipoise. 

Paut D. Haney 
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Book Reviews 


The Examination of Waters and Water 
Supplies. By W. Tayior. The 
slakiston Co., Philadelphia, Pa. Sixth 
Edition, 1949. $12.00. 819 pp. 

This book dealing with both analysis and 
purification of waters for public supply 
has been a world famous reterence for over 
1) years All material has been brought 
up-to-date, particularly with respect to 
references to recent scientific literature. 
Chis sixth edition retains the traditional 
format 

The contents have been carefully revised 
throughout, the chapters on the collecting 
areas, underground supplies, waterborne 
disease, bacteriology of water san ples, and 
disinfection of water supphes having been 
extended and rewritten 

Numerous tables and plates, as well as a 
tl-page appendix, increase the usefulness 
und praeticality of this 819-page volume 
Although primarily British in approach 
and illustration, frequent reference to 
American and othe practice makes the 
coverage general enough to make the book 

standard reference work 

Of particular interest to sewage works 
personnel is the entire Part VI of the 
book (9 chapters, 133 pages), dealing with 
bactemnological examination of water, sew 
ure, and effluent 


H. P. 


Patent Practice and Management. by 
Rowert CaLvert. Searsdale Press, 
Searsdale, N. \ 1950 $5.00 37] pp 
This new kind of book eombines the au 


thor’s experience of 10 vears as a research 


laboratory director with 15 years in sub- 
sequent patent practice. Weaving the ele- 
ments of patent law with the threads of 
business judgment into a new pattern of 
great interest and practical value, it deals 
particularly with the patent problems of 
the inventor and executive and presents 
the whole subject from their viewpoint and 
in their language. 

Among the unusual and practical fea- 
tures included are the following : 


1. Selecting subjects to be patented on 
the basis of the essential requirements and 
prospects tor commercial use. 

2. Cireumstanees making the director or 
expernnenter the inventor. 

3. Special incentives for inventors and 
executives and a completely  suecessful 
plan 

1. Hazards and modes of protection in 
use of information received in confidence. 

Patent licenses, desirable and unde- 
sirable provisions, and complete license 

6. Use and misuse of patents. 

7. Claim interpretation and validity and 
trend of reeent court decisions. 

8. Infringement, extent of liability, and 
test for infringement and equivalents. 

%. Writing of specifications and claims, 
with an outline and a complete application 
written from the outline 

10. Patent policies of institutions, medi 
eal, educational, and government. 


ll. Tax law of research and invention 


H. P. Orvanp 
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SEWAGE AND INDUSTRIAL WASTES 


ds PET. 


SEWAGE SLUDGE GAS SAFETY EQUIPMENT 


ESEARCH that started twenty years ago has Well over a thousand plants are protected | 

culminated in the P.F.T. line of gas safety by P. F. T. Gas Safety Equipment. A typi- s 
equipment of today. P.F.T. offers complete cal gas piping arrangement for @ single i 
equipment for safely utilizing ges generated in digester installation is detailed below. { 
the sludge digestion tanks. The fire and explo- Bulletin 22! describes these protective de. ! 
sion hazards have been eliminated. These equip- 
ments include: P.F.T. Waste Gas Burners, P.F.T. 2 
Flame Traps, P.F.7. Pressure Relief, Gas Pressure 


Reguletors, Pressure Gauges and Digester Tank 
Liquid Level Gauges, an adjunct for safe oper- 


ation. 
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4241 RAYENSWOOD AVENUE 13, ILUNOIS 
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Lithographed on stone by James E. Allen 


sees iron pipe is tough, husky, but not 

exactly handsome. What it lacks in eye WU. Ss. 
appeal it makes up for in dependable qual- 
ity. Tosee that our product's reputation ‘cast iron 


for quality is lived up to—and to strive 
for still higher quality—this Company 


has made substantial investments in 


facilities for quality control and for 

research and development. The recently completed Research 
Laboratory and Developmental Foundry at Burlington is an 
important contribution to a long-range program of process 
and product development. United States Pipe and Foundry 
Company, General Offices: Burlington, N. J. Plants and 


Sales Offices Throughout U. S. A. 


fe 
{ 

j 
: 

i 
: 


SEWAGE 


Above is the Walker Process HeatX Unit... 


AND INDUSTRIAI 


WASTES 


All main elements are 
easily removable for 
inspection, service or 
replacement by ex- 
change with factory 
serviced unit. 


A. Package Control 
Panel 


B. Package Burner 


C. Package Hot Water 
Tubes 


| D. Package Exchange 


Tubes 


combined Boiler and Exchanger. 


Designed te provide ABSOLUTE CONTROL 
over each function of sludge heating 


Each function is separate .. . 


Sludge pumps provide forced circu- 
lation of sludge from digester through 
heater tubes, and the hot water pump 
forces uniform flow of jacket water to 
maintain desired heated sludge tem- 
peratures under highly efficient tur- 
bulent flow conditions. 


This versatile HeatX Unit is adaptable 


to all existing installations . 


.. without 


changing present boiler. We'll gladly 
supply complete details. 
Write For Bulletin 24824. 


"Factory P| 


Avrora 


stallation... 


easily and accurately controlled. 


Walker Process HearX Unit 
Separate Style... 


eraploying existing boiler. 


IPMENT 


NGINEERING OFFICES © LABOR 
Illinois 
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lower Excavation Costs 


TIAL SAVINGS in excavation 
costs are often possible with Transite* 
Sewer Pipe because of its high flow capacity, 
rhis often permits the use of flatter grades 
and shallower trenches, This is a particularly 
important advantage where the pipe must 
be laid at or below the ground water line or 
where rock excavation is involved. 

As an alternate economy, designers may 
take advantage of Transite’s high flow 
capacity by specifying smaller diameter pipe. 


OTHER TRANSITE ECONOMIES 


Transite’s long 13-foot lengths and light 
weight lower handling costs. And because 
there are fewer joints to assemble in the 
finished line, installation is faster, and more 
economical, 


ee e Johns-Manville 


As a further economy, Transite’s sleeve- 
type joints guard effectively against infiltra- 
tion. This helps reduce the load on the 
treatment plant. Therefore, treatment costs 
are kept to a minimum—plant capacity is 
conserved for the increased loads incident to 
community growth. 


Made of asbestos, cement and silica com- 
bined into a homogeneous material of great 
stability, Transite Sewer pipe is corrosion- 
resistant both inside and outside. And every 
Transite length is factory-tested for strength 
and uniformity. This adds up to low main- 


tenance costs through the years. 


For all the facts, send for brochure 
TR-21A. Johns-Manville, Box 290, 
New York 16, N. Y. 


*Transite is o Jotns-Manville registered trade mark 


TRANSITE SEWER FHPE ... 
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Jeffrey Spiral 
Conveyor han- 
diing clum and 
lime in @ large 
Wetter Works 
Plant. A section 
of Spiral flight 
is alse shown, 


| 


MANUFACTURING 
902 North Fourth $¢., Columbus 16, Ohio 


Baltimore 2 
Birminghom 3 
Boston 16 
Buffele 2 
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THE SPIRAL CONVEYOR 


A COMPACT INSTALLATION 


Used extensively in Water Works Plants for handling lime, alum or 
other chemicals —saving time and cost. Jeffrey Spirals make compact 
installations —can be made dust-tight. No return strand. Capacities vary, 
with size of unit. 

Photo above shows a Jeffrey Spiral installation in a lerge Ohio Water 
Works Plant. Note the clamped cover used when hondling dusty mate- 
riel—also the various rack and pinion valves in the trough bottom for 
delivery of material when and where needed. 

Catalog No. 803-A fully describes and pictures Jeffrey Spirals. Cata- 
log Mo. 775-A covers ovr complete line of Sewage, Woter and Indus- 
trial Waste Treatment equipment. 


COMPANY 


Chicage Detrow 13 Jock somville 2 Pittsburgh 22 
Cincinnati 2 Herlar Milwoubee 2 Levis 
Cleveland 1) Housten New Yor 7 Selt City 
Denver 2 Huntington 19 3 Screnten 


Jetivrey Mig. Ce. Ud. Heed Office & Werks 
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Sludge Collectors 
Grit Washers & Collectors 4 
Conveyors h 
Grinders 
“LB 
Mining Equipment 
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Requirement: 
Flexibility of operation in clarification unit. 
Specification: 


THE PROCESS OXIDATOR 


owes 
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SECONDARY OxniQaTor PRIMARY OxOaToR 
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PATENTS AND PATENTS PENDING 


Clarification flow diagram for Bio-oxidation plant at Hemet, Calif. Engineers: Ralph S. Brooks 
and James G. Carwile. Contractor: Herman A. Teget 


Installation after installation proves that 
the Process Oxidator answers every de- 
mand of a clarification unit whether large 
or small. In Hemet, California, the new 
sewage plant for 5,000 people, had special 
~~ need for a treatment process that would 


have flexibility suitable for intermediate or 
Proven Points of The Process Oxidator comgtens treatment at low cost. - the 
© flow diagram shows, Process Oxidators 


Higher removal of suspended matter were specified and arranged for parallel or 
increased gresce removel series operation to be used with or without 
Minimum scum handling 

Greater reduction in bio-chemical Chemicals. This installation assures per- 
enygen demand fect control and economy of operation for 


@ Elimination of odors by maintaining 


sewage in fresh condition normal flows to peak loads. 
@ Suited to processes involving chemi- P 
cal reactions Whether it’s a $50,000 or a $5,000,000 


© Lower capital cost and upkeep bond issue, specification of the Process 


Write to either address below and one Oxidator will mean lower initial cost, higher 
of our specialized Engineers will be 


: , efficiency in operation and reduced main- 
glad to assist you with your particular y P 


problem. tenance cost. 
PROCESS ENGINEERS INCORPORATED 
821 MARKET STREET 6381 HOLLYWOOD BLVD. 


SAN FRANCISCO 3, CALIF. LOS ANGELES 28, CALIF. 
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LINER PLATES 


affect CLAY PIPE ] 


Virritiep CLAY Pipe provides the only sure 
protection against costly, dangerous acid at- 
tack. “Inside and out,” it’s chemically inert 
— absolutely immune to corrosion, rust, or 
decomposition. In a recent survey of 122 lead- 
ing American cities, it was found that 89% 
of the existing sewers are Vitrified Clay Pipe 
lines. And there is not one instance on record 
of a single length of Clay Pipe wearing out 


due to acid attack. \t pays to play safe. . ; 


to guard against the dangerous acids and 


STANDARD- 
STRENGTH 
CLAY PIPE 


CLAY PIPE 
FITTINGS 


alkalies found in sewage and ground waters. 
Be sure by specifying Vitrified Clay Pipe — 
the only pipe that never wears out. 


NATIONAL CLAY PIPE MANUFACTURERS, INC, 
1105 Huntington Bank Bldg., Columbus 15, Ohio 
703 Ninth and Hill Bldg., Los Angeles 15, Calif, 
100 N. LaSalle St, Rm. 2100, Chicago 2, II. 
206 Connally Bidg., Atlanta 3, Ga. 
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CARTER CIRCULAR COLLECTORS 


For sewage treatment, water purification and 
industrial waste treatment @ For primary clarification of raw sewage, 


waste or turbid waters 
@ For final clarification of activated sludge 
@ For clarification of chemically treated 
water 
@ For water softening 


Type 8S Primary Clarifier at Ft. Payne, Ala 
47 0” dia. x ¥ SWD. General Contractors 
J. E. Wooley Co., Birmingham, Ala. Consulting 
Engineers: J. W. Goodwin Eng. Co., Ine., Bir- 
mingham, Ala 


Specify CARTER 

with confidence 
Rotary Distributors « Floating 
& Fixed Cover Digesters ¢ Al- 
ternating Siphons ¢ Paddle 
Aerators ¢ Sludge Pumps ¢ 
Rapid & Slow Mixers ¢ Pneu- 
matic Ejectors ¢ Circular Col- 
lectors ¢ Filocculation Equip- 
ment ¢ Diaphragm Pumps ¢ 
Self-Priming Centrifugal 


The Carter “Type 5” Cireular Collector is designed for tanks of 10’ to Pumps ¢ Plunger Pressure 
KY in diameter, with side influent. Standard construction include Pumps 
hanieal electrical overload protection; vertical speed reducer combination 
type drive; automatic continuous surface skimming—for primary tanks Write today for free Catalog 
Plow blade scrapers provides positive, continuous spiral flow of settled : / 
le fr t hot eript \ Our Bulletin No. 4906 gives you com- 
thickened sludge This improved cla ” mechanism elminates on all 3 types of Carter Circular Collec- 2 
h septic conditions and excessive surface scum formations tors. Write for it today 


184 ATLANTIC STREET 


ACKENSACK, N.J. 
RALPH B.CARTER CO. 


SEWER AND PIPE CLEANING EQUIPMENT 


| Sewer Rods, Wood & Steel Root Cutters, Buckets 
Sewer Machines, Engine Driven & Hand Operated 
Steel Tapes, Flushers, Nozzles & Brushes 


Send for complete catalog 


W. H. STEWART, INC. | 


P.O. Box 767 Syracuse, N. Y. 


You can purchase good cathodic protection equipment 


Cathodic from many reputable manufacturers of anodes, rectifiers, 


etc. But that’s only half the answer to rust and corrosion 
4 
PROTECTION problem The rest of it is technical skill in the application 
of cathodic protection equipment and theory. 
is More Than Electro Rust-Proofing has, at your disposal, a trained 


Equipment staff of corrosion specialists ready to give each problem 


the individual attention required for successful solution. 


Why not write today? There’s no obligation. 


ELECTRO RUST-PROOFING CORP., (N. J.) 


BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES E-11 
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Consulting Engineer Haskins Specifies Inertol 
Paints throughout two new sewage plants 


North Side Sewage Plant, the larger of the two plants at Joplin, Missouri. 
Inertol colors and black bituminous paints applied throughout both plants. 
Consulting Engineer: Charles H. Haskins, Kansas City. 
Contractor for North Side Plant: Eby Construction Company, Wichita. 
Contractor for South Side Plant: Lippert Brothers, Oklahoma City. 


Stringent paint specifications for both Joplin plants 


Exterior steel and equipment exposed to fumes: “Rustinhibitive Primer and 
Ramuc Utility Enamel as manufactured by Inertol Co., Inc. or approved equal.” 
Exposed interior piping: ‘“Rustinhibitive Primer and . . . a tough high-gloss 
protective enamel similar and fully equal to Inertol Glamortex.”’ Concrete 
ceilings, upper walls, dadoes, floors: ““Ramuc Utility Enamel or approved equal.” 
Concrete and steel submerged in sewage: “approved acid-resistant paint similar 
and fully equal to Inertol Standard and Inertol Standard Thick respectively.” 


For exposed surfaces, the engineer chose the colors Battleship Grey, Dark 
Green, White and Medium Grey. For submerged surfaces, Black. 
Why specify Inertol coatings? 


Specify Inertol to satisfy clients and eliminate complaints on the paint job. 
Since Inertol chemists employ tough, chemical-resistant resins and pigments, 
the finished coatings stand up to abrasion, fumes, condensation and submersion. 


No peeling, no blistering, no fading. Inertol paints enduringly beautify and 
protect sewage plants. 


Local Inertol representatives for your convenience 


Drop a post card to Inertol: “Have your local man see me about painting 


INERTOL CO., INC. 


19 South Park 480 Frelinghuysen Avenue 
San Francisco 7, California Newark 5, New Jersey 


Inertol, Ramuc, Glamortex—-Trademarks registered U. S. Pat. Off. 
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DIRECTORY OF ENGINEERS 


(Continued to page 34) 


ALBRIGHT & FRIEL, INC. 
FRANCIS FRIEL 
Consulting Engineers 
WATER, AGE AND AL 
ASTE PROBLEM 
AIRFIEL Ds. REFUSE INC INERATORS 
INDUSTRIAL BUIL 38 


CITY PLANNING ALUATIONS 
REPORTS LABORATORY 
Suite 1509-18 PHILADELPHIA 7 

121 $. Broad St. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water 

Flood Relief, Sewerage, 

Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Bullding Chicago 


MICHAEL BAKER, JR., Inc. 


The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Mumcipal Engineere— Airport Dengn— Sewage Dreposal 
Syatema—Water Works Dengn and Operation— Surveys 
and Maps —Cuty Planning—Highway Dengn—C onstruc 
thon Surveya Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatinent 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinols 


H. & L. D. BETZ 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 


Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa 


Don’t be fourth... 


to send in your professional card for 
listing in The DIRECTORY OF 
ENGINEERS There are just three 
more available spaces remaining for 
card listing among these outstanding 
specialists 


BLACK 


SeEwaGE - WATER - 


4706 Broadway 


& VEATCH 
Consulting Engineers 
Evectriciry INpuSsTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 

L. Boosast Ivan L. Boorat 

J. M. M. Gaste Roseet A. LIncoun 

Donato M. Dirmaas AatTuce P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Dralnage Flood Control 


624 Madison Ave, New York 22, N. ¥. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply— Purification 
Refuse Disposal-—Analyses 

Municipal —Industria! Projects 

Valuations—Reports -Desgns 


110 William Street New York 7, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BUCK, SEIFERT AND JOST 


Consulting Engineers 
(FORMERLY NICHOLAS 5. HILL ASSOCIATES) 


n Sewerage and Disposal. 
aluations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply. treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


CAMP, DRESSER and McKEE 
Cc. Jed, 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Manicipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 


Kansas City, Mo Cleveland, Ohio Flood Control 
P.O. Box 7088 1404 K. 9th Se. & Beacon 8t. Boston 8, Mass. 
CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams . 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates 


210 E. Park Way at Sandusky, 
Pitteburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage--Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Il. 


OSCAR CORSON 
Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Conaulting Civil Engineers and 
Surveyors 


Sewerage, Sewage Water Supply, 
Surveys, Land Subdivision, "City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage. Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Rallroads Highways 
Grade 

Transportation 


Investigations —- Reports — Apprainals 
Plans and Supervision of Construction 
150 North Wecker Drive Chicago 6 
506 Colorado Bidg. Washington & 


FAY, SPOFFORD & 
ENGINEE 
M. Srorrorp w. , 
JouN AYER WILLIAM HYLanp 
Biow A. Bowman Frank L. 
A. Faswett Howagp J. 
Water | and Distribution—Drainage 
Sewerage and Sewage Treatment—-Alrports 


and Reports Designs 
Supervision of Construction Valuations 
Boston New York 


It pays to secure competent and experienced engineering advice! 
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EDWARD A. FULTON 
Coneulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; Same an 
Fleod Control 


3208 Brows Read Saint Leonie 14, Micseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & eat» Disposal 
Roads—-Airports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y¥. 
Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York . Washington 
Houston “BEADING, PA. piitisdeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A. GOFF, INC. 


Genera! Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plante 
Airports, Town Planning 
Pians, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadelphia 3, Pa. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul KE. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage. Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 
Leader Bidg. Woolworth Bldg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Havpven Joun H. 
Oscan J. Campia 
Water Works——Sewerage 
Civil— Mechanical 
Electrical—-Structural 


826 Park Square Bullding, Boston, Mass. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


231+ Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham HH. Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 


Consulting Engmmeers since 1917 for more than 
600 citees and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals 
Drainage 


Standard Oi! Bidg Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Lee, ASSOCIATE 
Consultants to Municipalibies since 1920 
WATER, SEWERAGI PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
521 Sexton Building 

Minneapolis 15, Minnesota 


241 Sheridan Road 
Menominee, Michizan 


Take advantage of the services 


of 


these outstanding consultants! 
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HORNER & SHIFRIN 
Conealting Engineers 


Hoaxes W. Jans 
H. Bvoss 
Liscuer 


and 
Water Supply — Mu 


Shell Building, 8t. 3, Missourt 


INDUSTRIAL WASTES 
(A Guge 
— INVESTIGATIONS AND 
Offices and Laboratories 


2266 No. Menioran, Inotanarous 8, Inpiana 
120 Broaowar, New Yona 5, New Yona 


Russell Meore- A. F. Nelilson- Robert Theroux 
(Memberships in ASCE, AWWA, AIMME, C8S8WA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consalting Engineers 
Formerly Solomon & Keis 

Since 1905 

w 8u and Purifi Sewer d 

and Ineinerat on, 

Buildings 


TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Blological Laboratory 


604 MISSION ST., BAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pitteburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 

fication, Refuse Disposal 

to Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 


Consulting Engineer 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


WORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Iadustrial Wastes Problems 
Laboratory 


Valuations 
Airfields 


Statler Buliding 
Boston 16 


111 Sutter St. 
San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT--WATER SUPPLY 
INCINERATION--~DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. ¥. 
&2 Vanderbilt Ave., New York, N. ¥ 


Parsons, Brinckerhof, Hall & Macdonald 


G. Gale Dizon, Associate 


31 BROADWAY, NEW YORK 6, N.Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Bulldings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Praxis Eanser W. 


Rossar W. Sawren G. G. Wennan, Ja. 
Ricuasp Hazen 


Investigations, Reporte, Plans 
Supervision of Construction end Operations 
Appreisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


Consulting Engineer 
Water Supply & Purification; Sewerage & Sew 
age Disposal; Industrial Wastes; Investigutions 


& Keports Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


1 lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Todustrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rivriz 
Appraisals— Reports 
Desigo—Su ision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs Sani and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bldg. Denver Colorado 


RUSSELL and AXON 


Consulting Engineers 
Geo. 8. Bussell 
Joe Williamson, Jr. F. BE. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications 
408 Olive St. 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fis. 


SMITH and GILLESPIE 
Consulting Engineers 


All types of 
Municipal Public Works & 
tilities 
Complete Services 


P. ©. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power-—Alrports 


Hershey Building 
Muscatine, Ia. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply —Sewerage—Waste Disposal 
Mechanical Structural 
Surveys Reports Appraisals 
200 8. High &t. Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical-—Electrical 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take 


advantage of the services 


of these outstanding consultants! 
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SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 


ALL SNOW GATES and Lifts are “Parkerized"’ 
for protection against rust and corrosion. 


Over 40 years continuous service to the industry. 


We will be pleased to quote on any type of water 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


use vitrified clay 
filter bottom blocks 


Check these 


advantages : 
Designed by Hudgins hionipand Ball & Ass. EASY TO LAY 
nira M. A. Swatek & Company 
R 
d Bethany, Okla. Chooses ESIST ACIDS 
AMERICAN Bio-Activation WON'T CLOG 


Bio-Activation process that combines trick- 
ling filters with activated sludge to achieve 
excellent results 


Like hundreds of other modern filters, the 
Bethany plant has underdrains built for life 
time. trouble-free service with Vitrified Clay 


Filter Bottom Blocks. Be sure to specity f 
Vitrified Clay Filter Bottom Blocks on each FLOOR INSTITUTE gy 
job 
BOWERSTON SHALE CO., Bowerston, Ohio a AYER-McCAREL-REAGAN CLAY CO., Brazil, Ind” 


TEXAS VITRIFIED PIPE CO., Mineral Wells, Tex. @ NATIONAL FIREPROOFING CORP., Pittsburgh 12, Pa. & 
W. S. DICKEY CLAY MFG. CO., Kansas City 6,Mo. @ POMONA TERRA-COTTA CO., Pomona, N. Car. if 
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FSWA SPECIAL PUBLICATIONS 


COPIES 


= 


COPIES 


COPIES 


COPIES 


COPIES 


COPIES 


ORDER BLANK 


Manual of Practice No. 1—OCCUPATIONAL HAZARDS 
IN THE OPERATION OF SEWAGE WORKS. A com- 
plete analysis of sewage works hazards, accident statistics, safety 
practices and equipment. 

53 pages Members $0.25; Others $0.50 each 


Manual of Practice No. 2—UTILIZATION OF SEWAGE 
SLUDGE AS FERTILIZER. An authoritative evaluation of 
the advantages and limitations of sewage sludge as a soil condi- 
tioner; recommended practices. 


120 pages Members $0.75; Others $1.25 each 


Manual of Practice No. 3—MUNICIPAL SEWER ORDI- 
NANCES. A guide to the proper regulation of the use of mu- 
nicipal sewage works; with recommendations for industrial waste 
control. 

44 pages Members $0.50; Others $1.00 each 


RING BINDER—Attractive and durable cover especially de- 
signed for filing numbered manual of practice. 
$2.00 each 


UNIFORM SYSTEMS OF ACCOUNTS FOR SEWER 
UTLILITIES—Tentative Manual of Practice—A manual of 
specialized accounting practice for sewage works; especially 
valuable to those administering sewer revenue financing plans. 


117 pages, mimeographed $5.00 each 


GLOSSARY—WATER AND SEWAGE CONTROL EN- 
GINEERING. Official technical definitions of 2,600 terms per- 
taining to hydrological, hydraulic, water works and sewage 
works engineering. 


274 pages, paper cover $1.00 each 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building 
Champaign, Ill. 


Please forward the above indicated publications. 


Enclosed find check $ 


Name 


Street 


City 
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PROOF 
“STERELATOR EFFICIENCY” 


Actual Usere—THE BEST PROOF OF ALL-- 
Prove our claims that Everson SterElators are 
DEPEN DABLE—-SAFE-—EFFICIENT 
Easy to operate at LOW MAINTENANCE OOST. 

gas accurately for ater 
or Sewage Sterilising demands 
The 10 to ratio 


EVERSON MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, illinois 


THE 
MAGNETITE FILTER 


with successful operating 


records, extending back 
as much as 18 years, is 
again available for im- 
proving the effluent or 
increasing the capacity of 
treatment plants for sew- 
age and trade wastes. 


MAGNETITE 
FILTER CORPORATION 
10 EAST 40TH STREET 
NEW YORK 16, N. Y. 


“Our 65th Year” 


Outstanding 
GRUENDLER 
Installations 
in 1949 


E. Rockway, Long Island, N. Y. 
Clovis, New Mexico 
Bridgeport, Connecticut 
West Frankfort, Hlinois 
U. of Cal., Davis, California 
Baltimore, Maryland 
Bushnell, Hlinois 
Roswell, N. Mexico 
Phelps Dodge Corp., Ajo, Arizona 
Albuquerque, New Mexico 
Concord, California 
Keansburg, New Jersey 
Dadar, Bombay, India 


One of Two Gruendler Screenir Grinders, hand- 
ling bar screen discharge. Inst io Portsmouth, 
Virginia 


GRUENDLER 
SEWAGE—GARBAGE 
SHREDDERS 


Disintegrates the waste 
for continuous flow! 


BULLETIN 3.G.10—mailed on request 
GRUENDLER 


CRUSHER & PULVERIZER CO. 
2915 25 North Market St. Louls 6, Mo. 
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DIRECTORY OF ENGINEERS, pp. 
Haydock, Char 


A 
Bets, W. H. & L, 00. Horne & Shifric 
Black & Veatch Industrial Wastes Consult 
Bogert, Ctinton Hearty & Schosamaker 
Bowe, Alberteon dk Adeociates & Hol 


PATRONIEE ouR ADVERTISERS~ support makes possible the pul 
lication of this Journal. Whew roriting sure to mentions SEW AG, 
AND INDUSTRIAL WASTES. fF | 
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Chlorination for sewage ilis iso surofign treatment 
who know bes —the sevaage plant you. 


For axomple, Mr. Ralph Hoot, Treat 
mint of Fort Viayne, recently reported: hove been 
thankful lor cur avtometic chtoring: control hel | 
tts job 


Sich comments from axperienosd 
aie typice!. Chlorination by Wolloce & Themen hes 

bi actual use in thousands of instelletions aff over ithe 

lt con help your sewage trectment, tee, ot thet” 
enreragies only 1% of toto! plant investment, This original 

cousled with the more effective plant operation thet 
ination makes possible resell: in buy 
intendeni's can’t afford to overlook. 


Find out now chout fhis modern aid to sewage teil 
fically engineered to your individual ‘neads tif 

Tiernon. A call your nearest Welloce Tiernan: 
ative will bring you full details. 
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